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Chapter 1 Structure and Bonding 


Chapter Review 


Important facts 


e The general rule of bonding: Atoms strive to attain a complete outer shell of valence electrons 
(Section 1.2). H “wants” 2 electrons. Second-row elements “want” 8 electrons. 


nonbonded electron pair 


| | E 


—H n | о X: Х= Е, Cl, Вг, 1 
Usual number of bonds , 
in neutral atoms 1 4 3 2 1 
Number of nonbonded _, 0 | 0 1 2 3 


electron pairs 


| 


The sum (# of bonds + # of lone pairs) = 4 for all elements except H. 


e Formal charge (FC) is the difference between the number of valence electrons on an atom and 
the number of electrons it “owns” (Section 1.3C). See Sample Problem 1.3 for a stepwise 
example. 


number of number of electrons 
T formal charge = - " " 
Definition: valence electrons an atom "owns 
+ 


Examples: | 


|_ 
с —c— ст 


| | | 
* C shares 8 electrons. * C shares 6 electrons. * C shares 6 electrons. 
* C "owns" 4 electrons. * C "owns" 3 electrons. * C has 2unshared electrons. 
•ЕС=0 • ЕС = +1 * C "owns" 5 electrons. 
• ЕС =-1 


e Curved arrow notation shows the movement of an electron pair. The tail of ће arrow always 
begins at an electron pair, either in a bond or a lone pair. The head points to where the electron 
pair “moves” (Section 1.6). 


- О: :0: 
Move an electron pair to О. Ci x а. 
H-C>N-H = - — H-C-N-H 
U 
A | B 


Use this electron pair to form a double bond. 


e Electrostatic potential plots are color-coded maps of electron density, indicating electron rich 
(red) and electron deficient (blue) regions (Section 1.12). 
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The importance of Lewis structures (Sections 1.3—1.5) 


A properly drawn Lewis structure shows the number of bonds and lone pairs present around each 
atom in a molecule. In a valid Lewis structure, each H has two electrons, and each second-row 
element has no more than eight. This is the first step needed to determine many properties of a 


molecule. 
[linear, trigonal planar, or tetrahedral] (Section 1.7) 
(Lewis structure } || Hybridization} [sp, sp?, or sp?] (Section 1.9) 
[single, double, or triple] (Sections 1.3, 1.10) 


Resonance (Section 1.6) 


The basic principles: 

e Resonance occurs when a compound cannot be represented by a single Lewis structure. 

e Two resonance structures differ only in the position of nonbonded electrons and л bonds. 

• The resonance hybrid is the only accurate representation for a resonance-stabilized compound. 
A hybrid is more stable than any single resonance structure because electron density is 


delocalized. 
Е m NS 
eg :О: мй 
CH3CH;- C —— CH4CH;-C CH3CH;- C, delocalized charges 
e = » $ NS "d 
:0: о: Oo 
P it delocalized л bonds 
resonance structures hybrid 


The difference between resonance structures and isomers: 
e Two isomers differ in the arrangement of both atoms and electrons. 
e Resonance structures differ on/y in the arrangement of electrons. 


p e D 
снз—С, CH4CH?-C. -—- | CH&CH?- C. 
:0-CHs “O-H O-H 


Ё isomers | Li resonance structures | 


Geometry and hybridization 


The number of groups around an atom determines both its geometry (Section 1.7) and hybridization 
(Section 1.9). 


Number of 
groups Geometry Bond angle (?) Hybridization Examples 
2 linear 180 sp BeH2, HCCH 
3 trigonal planar 120 sp? BF3, CH2=CH2 


4 tetrahedral 109.5 sp? CH4, NH3, HO 
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Drawing organic molecules (Section 1.8) 
e Shorthand methods are used to abbreviate the structure of organic molecules. 
Qn en 
Em 4 CH4-C—C—C-—CHs - (CH3)2CHCH2C(CH3)3 


н н CH, 
skeletal structure isooctane condensed structure 


• Acarbon bonded to four atoms 15 tetrahedral in shape. The best way to represent a tetrahedron is 
to draw two bonds in the plane, one in front, and one behind. 


Four equivalent drawings for CH, | 


H H HH н. H 

N | =! "BM 

a "m. © Ё. 
HUNE Це ^H H^ ^H HH 


Each drawing has two solid lines, one wedge, and one dashed line. 


Bond length 


e Bond length decreases across a row and increases down a column of the periodic table 
(Section 1.7A). 


Increasing bond length Increasing bond length 


e Bond length decreases as the number of electrons between two nuclei increases (Section 1.11A). 


CH,-CH4 <  CH;zCH, < H-C=C-H 


Increasing bond length 


e Bond length increases as the percent s-character decreases (Section 1.11B). 


Csp —H Csp?—H Csp?—H 
ж=м О 
Increasing bond length 


e Bond length and bond strength are inversely related. Shorter bonds are stronger bonds (Section 1.11). 


longest C-C bond | | | ИЕ _ shortest C-C bond 
weakest bond E DE TX Е strongest bond 


Increasing bond strength 
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e Sigma (о) bonds are generally stronger than л bonds (Section 1.10). 


|| 
—c-c— Nac —c=c— 
||| Их 
1 strong с bond 1 stronger c bond 1 stronger c bond 
1 weaker л bond 2 weaker л bonds 


Electronegativity and polarity (Sections 1.12, 1.13) 


e  Electronegativity increases from left to right across a row and decreases down a column of the 
periodic table. 

e A polar bond results when two atoms of different electronegativity are bonded together. 
Whenever C or H is bonded to N, O, or any halogen, the bond is polar. 

e А polar molecule has either one polar bond, or two or more bond dipoles that reinforce. 


Drawing Lewis structures: A shortcut 


Chapter 1 devotes a great deal of time to drawing valid Lewis structures. For molecules with many 
bonds, it may take quite awhile to find acceptable Lewis structures by using trial-and-error to place 
electrons. Fortunately, a shortcut can be used to figure out how many bonds are present in a 
molecule. 


Shortcut on drawing Lewis structures—Determining the number of bonds: 

[1] Count up the number of valence electrons. 

[2] Calculate how many electrons are needed if there are no bonds between atoms and every 
atom has a filled shell of valence electrons; that is, hydrogen gets two electrons, and second- 
row elements get eight. 

[3] Subtract the number obtained in Step [1] from the sum obtained in Step [2]. This difference 
tells how many electrons must be shared to give every H two electrons and every second- 
row element eight. Since there are two electrons per bond, dividing this difference by two 
tells how many bonds are needed. 


To draw the Lewis structure: 

[1] Arrange the atoms as usual. 

[2] Count up the number of valence electrons. 

[3] Use the shortcut to determine how many bonds are present. 

[4] Draw in the two-electron bonds to all the H's first. Then, draw the remaining bonds between 
other atoms making sure that no second-row element gets more than eight electrons and that 
you use the total number of bonds determined previously. 

[5] Finally, place unshared electron pairs on all atoms that do not have an octet of electrons, and 
calculate formal charge. You should have now used all the valence electrons determined in 
the first step. 
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Example: Draw all valid Lewis structures for CH3NCO using the shortcut procedure. 


[1] Arrange the atoms. 
H 


e In this case the arrangement of atoms is implied by the way the 


HCNCO structure is drawn. 


H 


[2] Count up the number of valence electrons. 
3H's x 1 electron per H = 3 electrons 


205 x 4electronsperC = 8 electrons 
1N х 5electronsperN = 5 electrons 
10 х 6electronsperO = + 6 electrons 


22 electrons total 


[3] Use the shortcut to figure out how many bonds are needed. 


e Number of electrons needed if there were no bonds: 


3 H's x 2 electrons per H 
4 second-row elements x 8 electrons per element 


6 electrons 
+ 32 electrons 


38 electrons needed if 
there were no bonds 


e Number of electrons that must be shared: 
38 electrons 
— 22 electrons 


16 electrons must be shared 
e Since every bond takes two electrons, 16/2 = 8 bonds are needed. 


[4] Draw all possible Lewis structures. 

e Draw the bonds to the H’s first (three bonds). Then add five more bonds. Arrange them 
between the C’s, N, and O, making sure that no atom gets more than eight electrons. There 
are three possible arrangements of bonds; that is, there are three resonance structures. 

e Add additional electron pairs to give each atom an octet and check that all 22 electrons are used. 


H H 
H-C-NSC-O ------- - H-C-N=C-O 
a H Н 
H Pd H H 
H-C М CO ------- - H-C-N-C-0 f - H-C-N-C-O 
у ч у | 
Bonds to H's added. ЕЗ9 
“a H m 
H-C-N-CsO  .------ - H-C-N-CzO: 
н H 
All bonds drawn in. Electron pairs drawn in. 


Three arrangements possible. Every atom has an octet. 
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• Calculate the formal charge on each atom. 


H H H 
H-C-N=C-O: ~ - H-C-N-C-O ~ - H-C-N-C-0: 
MI T n "| | 
404 -1 + 


• Youcan evaluate the Lewis structures you have drawn. The middle structure is the best 
resonance structure, since it has no charged atoms. 


Note: This method works for compounds that contain second-row elements in which every element 
gets an octet of electrons. It does NOT necessarily work for compounds with an atom that does not 
have an octet (such as BF3), or compounds that have elements located in the third row and later in 


the periodic table. 


Practice Test on Chapter Review 


1. a. Which compound(s) contain a labeled atom with a +1 formal charge? АП lone pairs of electrons 
have been drawn in. 


ols - 
1. е 2 ч. 3. = 


4. Both (1) and (2) have labeled atoms with a +1 charge. 
5. Compounds (1), (2), and (3) all contain labeled atoms with a +1 formal charge. 


b. Which of the following compounds is a valid resonance structure for A? 


Dd .. .. + 
OCH; A. OCH, OCH, OCH; 
+ 
A 


4. Both (1) and (2) are valid resonance structures for A. 
5. Cations (1), (2), and (3) are all valid resonance structures for A. 


c. Which species contains a labeled carbon atom that is sp? hybridized? 


Be a a C — 


4. Both (1) and (2) contain labeled sp? hybridized atoms. 
5. Species (1), (2), and (3) all contain labeled sp? hybridized carbon atoms. 
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d. Which of the following compounds has a net dipole? 


І. CH3xCHoNHCH;CH; 4. Compounds (1) and (2) both have net dipoles. 
2. CHSCH;?CH;OH 5. Compounds (1), (2), and (3) all have net dipoles. 
3. FCH2CH2CH2F 


2. Rank the labeled bonds in order of increasing bond length. Label the shortest bond as 1, the 
longest bond as 4, and the bonds of intermediate length as 2 and 3. 


3. Answer the following questions about compounds A-D. 


[1] 


| | NCH;CHs 
d о сте ог 


B [2] 


What is the hybridization of the labeled atom in A? 

What is the molecular shape around the labeled atom in B? 

In what type of orbital does the lone pair in С reside? 

What orbitals are used to form bond [1] in D? 

Which orbitals are used to form the carbon-oxygen double bond [2] in D? 


© ро жр 


4. Draw an acceptable Lewis structure for CH3NO3. Assume that the atoms are arranged as drawn. 


H [9] 
HC ONO 
H 


5. Follow the curved arrows and draw the product with all the needed charges and lone pairs. 


X.H 
Be 
<) + С 
c oe — 
Answers to Practice Test 
1. а. 4 2.А-1 3. а. sp? 4. One possibility: 5. 
b.1 B-4 b. trigonal planar а. 
с. 1 С-2 c. sp? Н.О. | 
d. 5 D-3 d. Csp*—Csp* H-C-O-N-6: CHa e —CHs 
e. Сѕр-Озр?, H TQ 


Cp-Op 


8 | 
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Answers to Problems 


1.1 The mass number is the number of protons and neutrons. The atomic number is the number 
of protons and is the same for all isotopes. 


1.2 


13 


1.4 


Nitrogen-14 Nitrogen-13 
a. number of protons = atomic number for N = 7 7 7 
b. number of neutrons = mass number — atomic number 7 6 
c. number of electrons = number of protons 7 7 
d. The group number is the same for all isotopes. 5A 5A 


Ionic bonds form when an element on the far left side of the periodic table transfers an 
electron to an element on the far right side of the periodic table. Covalent bonds result when 


two atoms share electrons. 

Ld ae 
—C—H d. Ма" :N-H 

|| PAN 

H H H 

All С-Н and C-C ionic 
bonds are covalent. 


a. Е-Е b. Ш Br c. H— 


Both М-Н bonds 


covalent are covalent. 


ionic 


Atoms with one, two, three, or four valence electrons form one, two, three, or four bonds, 
respectively. Atoms with five or more valence electrons form [8 — (number of valence electrons)] 
bonds. 


а. О 8-6 valence e = 2 bonds c. Вг 8- 7 valence е` = 1 bond 


b. А! 3 valence ет = З bonds d. Si 4 valence e~ = 4 bonds 


[1] Arrange the atoms with the H's on the periphery. 

[2] Count the valence electrons. 

[3] Arrange the electrons around the atoms. Give the H's 2 electrons first, and then fill the 
octets of the other atoms. 

[4] Assign formal charges (Section 1.3C). 


" [1] H H [2] Count valence е“. [3] нн All 14 e- used. 
H C CH 2Сх4е = 8 H—-C-C-H All second-row elements 
H H 6Hx1e = 6 ü A have an octet. 
totale =14 
b [1] H [2] Count valence е“. [3] H Ho 
| H CNH 1Сх4е = 4 H—C-N-—H > H-C-N-H 
H H 5Нх1е = 5 HH HH 
1Мх5е = 5 _ 
totale = 14 12 ег used. 


N needs 2 more 
electrons for an octet. 
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[2] Count valence е“. [3] H H 
1Сх4е- = H-C НС: 
3Hx1e- - н H 
negative charge = Í 6 e^ used. [The –1 charge on C is 
total e =8 C needs 2 more explained in Section 1.3C.] 
electrons for an octet. 
[2] Count valence е“. [3] H Ho 
1Cx4e7 4 H-C-Cl > НС Cl: 
3Hxte- = 3 Н H 
1$ х7е = 7 
total e- = 14 8 e used. Complete octet. 


CI needs 6 more 
electrons for an octet. 


1.5 Follow the directions from Answer 1.4. 


a. HCN 


b. НСО 


с. НОСЊСО>Н 


H 


Count valence е“. 
1Сх4е = 4 
1Hx 1e 1 
1Мх5е = 5 


totale = 10 


Count valence ет. 
1Сх4е = 4 
2Hx1e = 2 
10x6e = 6 


C N 


но 
НО СС OH 26x4a-- 8 
H 4Hx1e--2 4 


3Ox6e - 18 


totale = 30 


=н 


b. СНЊ-м=с: 


1.6 
(‘4)(number of shared electrons)] 
T 
fi 
а. | HZN-H 
H 


5 – [0 + (1/2)(8)] = +1 


1.7 


а. СНзО i 


4 [0 + (1/2)(8)] = 0 


H 
1] н со [2] Count valence e. 
H 1Сх4е = 4 
ЗНх1е = 3 
1Охбе = 6 
totale = 13 


Count valence ет. | 


4 – [2 + (1/2)(6)] = -1 


H—C-N H—C=N: 
4 e used. Complete N and C octets. 
H=Ç-0 н—С=О: 

H H 
бе used. Complete O and C octets. 
H 9 H "E 
++ 1 .. 
H-O-C-C-O-H H-0-C-C-O-H 
H H 
16 e used. Complete octets. 


6-[4+ 


Formal charge (FC) = number of valence electrons — [number of unshared electrons + 


6- +1126) = +1 


C. :0=0-0: 


(1/2(4] =0 6- [6 + (1/2)(2)] = -1 


й Й j 
[3] н-с-о = H-C-O: [4] H-C-0: 
H H H 
8e used. Assign charge. 


Add 1 for (—) charge = 14 


10 
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b. НС | MJH C C 


c. (CH3NH3)' [1] H H 
H CNH 
H H 
d. (CH3NH) [1] H 
H C N H 
H 
1.8 


a. C2H4Cl; (two isomers) 


Count valence е“. 


2Сх4е = 8 
4Hx1e = 4 
221х7е" =14 
totale” = 26 


b. C3HgO (three isomers) 
Count valence е“. 


3Cx4e = 12 
8Hx1e = 8 
1Охбе = 6 
total e^ =26 


с. СзН (two isomers) 


Count valence e". 


3Cx4e =12 
6Hx1e = 6 
totale = 18 


[2] Count valence ег. [3] H-C-C > Н-СЕС: [4] Н-СЕС: 
a ds. Assign charge. 
1Hx1e =1 4 е used. 
totale = 9 
Add 1 for (—) charge = 10 

[2] Count valence ет. [3] H H [4] HH 

= || Fog 
1Сх4е = 4 H-C-N-H H-C-N-H 
DUREE у T 
x5e- : 
+ = Assign charge. 
totale. = 15 14 e used. 9 9 
Subtract 1 for (+) charge = 14 

[2] Count valence e". [3] H [4] H 
1Cx4e= 4 H-C-N-H H-C-N-H 
4Hx1e- 4 V ü 
1Мх5е = 5 ide- d 
totale- =13 e used. Complete пе and 
Add 1 for (-) charge = 14 а 

На T 
Нес C-Cl: Im EE m 
H CE бон 
н 
T m o | ds 
or еы ык Ho 
H HH H HH HH H 
H H 
о и. 
Tg H-C-C-H 
H HH H H 


1.9 Two different definitions: 
e Isomers have the same molecular formula and a different arrangement of atoms. 
e Resonance structures have the same molecular formula and the same arrangement of atoms. 


N at the end N in the middle 2 lone pairs 3 m 
О: QU 
VUE "E v OF : 
a. :М=С=О: апа :СЕМ-О: b. HO-C-0: and нб—б=о: 


same arrangement of atoms = 
resonance structures 


different arrangement of atoms - isomers 
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1.10 Isomers have the same molecular formula and a different arrangement of atoms. 
Resonance structures have the same molecular formula and the same arrangement of atoms. 


2 lone pairs 3 lone pairs 


CH3 bonded to С=О H bonded to C=O 


:0: "e О: О: 
| .. .. .. 
а. CH,-C-OH CH3—C=OH c. CH3;—-C—OH H—C- CH;ÓH 
A B A D 
same arrangement of atoms = | : 
resonance structures different arrangement of atoms = isomers 
C3H405 (C2H505) 
О: ОГ :0: О: 
.. ЕУ + Dd 
b. CH4-C-OH CH34-C-OH d. CH,-C-OH H-C-CH;0H 
үз S 
H B D 
A C 
different molecular formulas = neither different arrangement of atoms = isomers 


1.11 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron 
pair (a bond or a lone pair) and the head points to where the electron pair moves. 


(^ “сыг. af z 
а H-C-0: ———- H-C-0: b. СН» 2% би, -——* Сна-с=с–Сн 
H H H H H 
The net charge is the same The net charge is the same 
in both resonance structures. in both resonance structures. 


1.12 Compare the resonance structures to see what electrons have “moved.” Use one curved arrow 
to show the movement of each electron pair. 


ta KS + i T И 
а. CH?7C—C-CH, ——- CH;-C—C-CH; b. :0=C-OF ——- 76-c_6 
ED РЕЈ 
нон H H on d: 
One electron pair moves: Two electron pairs move: 
one curved arrow. two curved arrows. 


1.13 To draw another resonance structure, move electrons only in multiple bonds and lone pairs 
and keep the number of unpaired electrons constant. 


+ T № m 4 
a. Сн; ZAR CH; ~ ~ СНз e с=с CH3 с. н– с с = бе H—C-C-CI 
HH H ннн HoH HoH 
+ 
b. CH,-C-CH, ~ = CH4-C-CH3 


"СЕ :Cl+ 
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1.14 A “better” resonance structure is one that has more bonds and fewer charges. The better 
structure is the major contributor and all others are minor contributors. To draw the resonance 
hybrid, use dashed lines for bonds that are in only one resonance structure, and use partial 
charges when the charge is on different atoms in the resonance structures. 


iG П CX qu ; 
a. CH3-C^N-CHs CH;-C-N-CHs b. onec Сбн, ~CH,—C=CH, 
H H H H H H 
hybrid: All atoms bis vi ad These two resonance structures are equivalent. 
yorig: 5+ 5+ one om bot They both have one charge and the same number 
major contributor of bonds. They are equal contributors to the hybrid. 
CHs-C-N-CHs Pind. 
ин ybrid: 5 5. 
Н 
1.15 Draw а second resonance structure for nitrous acid. 
"T -— "m з 
H-O-N-O: = > H-OzN-O: H—O-zN--O: 

"uj (я + .. 

major contributor minor contributor hybrid 


fewer charges 


1.16 АП representations have a carbon with two bonds in the plane of the page, one in front of the 
page (solid wedge) and one behind the page (dashed line). Four possibilities: 


H H CI CI CI CI 

ЈЕ | =! Bs 

q ue C 42 
H^ n ae ^u H^ ^g üH 


1.17 To predict the geometry around an atom, count the number of groups (atoms + lone pairs), 
making sure to draw in any needed lone pairs or hydrogens: 2 groups = linear, 3 groups = 
trigonal planar, 4 groups = tetrahedral. 


N has 2 atoms + 2 lone pairs 


3 groups = trigonal planar 4 groups = tetrahedral (or bent 
s molecular shape 
4 groups = tetrahedral | 4 groups = tetrahedral pe) 
О | 
a. Снз—С—СН» с. TNH, 
3 groups = trigonal planar 
_ _ 2 groups = linear 

4 groups = tetrahedral 4 groups = tetrahedral 4 groups - tetrahedral 


- d. ‘СН.-С=М: 
b. CHa3-O-CHs | 


2 groups = linear 
4 groups = tetrahedral (or bent molecular shape) 
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1.18 To predict the bond angle around an atom, count the number of groups (atoms + lone pairs), 


making sure to draw in any needed lone pairs or hydrogens: 2 groups = 180°, 3 groups = 120°, 
4 groups = 109.5°. 


This C has 3 groups, so 
both angles are 120". 


Мн» 


CO | | 
а. снз-С=С-С! b. сњ=с-с! с. CHC 
1.2 


2 groups = 180° 


H 
Е This C has 4 groups, so 
2 groups = 180 both angles are 109.5*. 


1.19 To predict the geometry around an atom, use the rules in Answer 1.17. 


4 groups 
tetrahedral (or bent molecular shape) 
| 4 groups 
К 3 groups H H H О: " н /tetrahedral 
H rigonal planar H a vd 
и Se а 
A т “-с=с-с=с Ý їн HHHHH 
ЊЕ | 
3 groups 
4 groups 2 groups ; 
tetrahedral праве trigonal planar 


(or bent molecular shape) ahanithotoxih 


1.20 Reading from left to right, draw the molecule as a Lewis structure. Always check that carbon 


has four bonds and all heteroatoms have an octet by adding any needed lone pairs. 


(СНА СНСН(СНСНа) 
H (CH3)3CCH(OH)CH,CH3 
H H-C-H (CH3);CHCHO 
| | 
H-C-H H |H-C-H Ho H 
Md M HCN | mc ОО "nom. 
C-C-C-C-C-C-H b. H-C С-Н & H-O—C C-C-C-H d. H-C-C—C-H 
| | | | | 
HHHHH | H-C-H | HH-C-H HHH H 
H-C-H H нон А H-C-H 
H H-C-H 
CH3(CH2)4CH(CH3)2 ü double bond 
needed to 


give C an octet 


1.21 Simplify each condensed structure using parentheses. 


a. 


CH;CHs CH,0H CH; CH; 
CHSCHZCH;CH;CH;CI b. CH,CH;CH?-7C-CH;CHs с. HOCH;-C-CH;CH;CH;—C-CH;-C- CH; 
es || | | 1 
/ H H y СНз (СНз 


27 
CH3(CH;),CI CH3(CH2)2CH(CH2CH3)2 (HOCH2)2CH(CH2)3C(CH3)2CH2C(CH3)s 
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1.22 Draw the Lewis structure of lactic acid. 


| О: id 
CHgCH(OH)CO,H ——- H-6-6—C-O-H 
H H 


1.23 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
The carbons are all tetravalent. 


1H 
| О 1H 
3 H's -— | 
| | $ | үт | 
Хо 0 H's dh 
octinoxate 
(2-ethylhexyl 4-methoxycinnamate) avobenzone 
C18H2603 C20H2203 


1.24 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all carbons, and then adding hydrogen atoms to make the carbons 


tetravalent. 
H : CH4 H HH H 
Две H^c Сен C ° è bui а сна... № 
a: ( (Oh Ы. He СН © сну о Seg Фр Hy 
H-C-C-H не он 3 i | K hà big E à 
HH Hu H H 3 


1.25 A charge on a carbon atom takes the place of one hydrogen atom. A negatively charged C 
has one lone pair, and a positively charged C has none. 


H Н о 
| m p d 
positive charge negative charge positive charge negative charge 
no lone pairs one lone pair no lone pairs one lone pair 
no H's needed one H needed one H needed one H needed 


1.26 Draw each indicated structure. Recall that in the skeletal drawings, a carbon atom is located at 
the intersection of any two lines and at the end of any line. 


О 
а. (СНз)>С=<СН(СНЬ).СНз = ~ 74 c. аа = (CH3);:CH(CH5);CONHCHs 
| 
H 


H H 


\ 1 
Г аи = p Д. = HO(CH;),CH-CHCO;CH(CH 
b. | | = d. HO EN T (CH2)2CH= 2CH(CH3)2 


HjN-C—C-H 
H H 


H2N 
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1.27 To determine the orbitals used in bonding, count the number of groups (atoms + lone pairs): 
4 groups = sp’, 3 groups = sp’, 2 groups = sp, H atom = 15 (no hybridization). 
All covalent single bonds are o, and all double bonds contain one o and one л bond. 


Each H uses a ——- нң 


H H 
1s orbital. | | "7——AII single bonds are Each C-C bond is Csp?-Csp?. 


| 
НУС-С-С-Н 6 bonds. Each C-H bond is Csp?-H1s. 
H HH 


Total of 10 c bonds. 
Each C has 4 groups and is 
sp? hybridized. 


1.28 [1] Draw a valid Lewis structure for each molecule. 
[2] Count the number of groups around each atom: 4 groups = sp’, 3 groups = sp’, 2 
groups = sp, H atom = 15 (no hybridization). 


Note: Be and B (Groups 2A and ЗА) do not have enough valence е to form an octet, and do 
not form an octet in neutral molecules. 


H 
І 
а. [1] H-C—Be—H [2] Count groups around each atom: [3] All С-Н bonds: Csp?-H1s 
ü H C-Be bond: Сзр—Везр 
Be-H bond: Besp-H1s 
Be has 2 bonds. Рак ви 
^ 
4 groups 
503 2 groups 
р 
5р 
idi 
b. [1] CH3—B—CH3 [2] Count groups around each atom: [3] All C-H bonds: Csp?-H1s 
CH C-B bonds: Csp?-Bsp? 
| 
B forms 3 bonds. CH3—B — СНз 
4groups З groups 
sp? sp? 
T dedi 
c. [1] H-C-0-C-H [2] Count groups around each atom: [3] All С-Н bonds: Сзр—Н15 
ü B V H H С-О bonds: Csp?—Osp? 
boe d 
HLC-O-C-H 
H {н 
4 groups 
sp? 4 groups 
sp? 


1.29 To determine the hybridization, count the number of groups around each atom: 4 groups = sp’, 
3 groups = sp’, 2 groups = sp, H atom = 15 (no hybridization). 


а. CH4-C-CH b. Crew с. ae 


| | 3 З groups 2 groups 
4 groups 2 groups н ш ош po n P 
sp? Sp p p 
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1.30 АП single bonds are o. Multiple bonds contain one o bond, and all others are л bonds. 


All C-H bonds are o bonds. 


c bond с bond 
O onec bond, a QE HIS с bond, one x bond 
а. к= b. СН.-СЕМ SCL 
C. onem bond 3 H O-CHs 
A bod 
one o + two л bonds с bon 
6 bond o bond 6 bond 


1.31 Single bonds are weaker and longer than double bonds, which are weaker and longer than 
triple bonds. Increasing percent s-character increases bond strength and decreases bond length. 


H H 


m | .. 
а. (ee У double bond © __с=6 " H-C-ÓH 
| H H  CagisHis 
triple bond Csp?-H1s 25% s-character 
The triple bond is shorter than the 33% s-character 
double bond. shorter bond 
single bond 
b. H double bond те H 
IH a d. | CH;-N-H or CH3—N—H 
СН; Ў М | rh 
Nsp?-H1s 
Сем 33% s-character Nsp?-H1s 
The CzN bondis shorter than the shorter bond 25% s-character 


1.32 Electronegativity increases from left to right across a row of the periodic table and 
decreases down a column. Look at the relative position of the atoms to determine their 
relative electronegativity. 


most electropositive most electropositive most electropositive most electropositive 
| most electronegative | most electronegative | most electronegative | most electronegative 
Se«S«0 p, Na «P «CI с Ss0«F у P*N«O 
increasing | increasing | increasing | increasing 
electronegativity electronegativity electronegativity electronegativity 


1.33 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative 
atoms "pull" electron density towards them, making a dipole. Dipole arrows point towards 
the atom of higher electron density. 


6" ё- + а _| 5+ + 6 
а. H-F b. 8118. c. Sef а. 2-0 
4— | | | 

fs = fo з= 


1.34 Polar molecules result from a net dipole. To determine polarity, draw the molecule in three 
dimensions around any polar bonds, draw in the dipoles, and look to see whether the dipoles 
cancel or reinforce. 
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Electronegative 
atom pulls e~ density. 
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no resulting dipole = 
nonpolar molecule 


Four polar bonds cancel. 


resulting dipole = 
polar molecule 


no resulting dipole = 
nonpolar molecule 


8- Р 
Br ©. | Pd 
| | net dipole " PANT 
a. C 
H^ t ка 
All С-Н bonds have no dipole. 
one polar bond 
net dipole = polar molecule 
öt 
T H |H d. 
| re-draw | „У a 
b. Br-C-Br ------ = 4 С ИСИ CN TCI è 
í Pepe а 
P H MH 
Note: You must draw the molecule in three 
dimensions to observe the net dipole. In the “см H 
Lewis structure, it appears the dipoles would sce 
cancel out, when in fact they add to make a е. / Nc 
polar molecule. H 15- 


Two polar bonds are 
equal and opposite 


and cancel. 
1.35 
a. The two circled C's are sp? hybridized. 
b. АП the C-H bonds are nonpolar. All H’s bonded to О and М bear a partial positive charge (д). 
8* H-O: H " с H-6: H 
[o2 H H O: С=С НН :о: 
Vi NI 4 \ | | и 
8*H-O6-C OO н-ӧ-с C-C-C 
NaS \ Р \ 4 | | у 
C-C H ЕН, :0—H6 C-C H м-н :0—H 
H H н, H H Н 
one possibility 
1.36 
a. 
[9] 
(^) 
MS ~ он 
HNHN ® 
OH 


skeletal structure 


b. Circled carbons are sp? hybridized. АП others are sp? hybridized. 
c. Each М is surrounded by three atoms and a lone pair, making it sp’ hybridized and trigonal 


pyramidal in molecular shape. 


d. 


о 
O-H 
pn 11 polar bonds shown in bold 
H—N-N polar bonas snown In DO 
/ \ O-H 
H H 
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1.37 
a, b, c. О но о СНвОз 

а g^" 14 lone pairs, 2 lone pairs on each O 
d. Each C that is part of a C=O is sp? hybridized, so there are three sp” C's. 
e. Orbitals: 

[1] C=O, Csp?-Osp? and Cp-Op 

[2] C-C, Csp.- Csp? 

[3] O-H, Osp/-His 

[4] C—O, Csp/-Osp? 


1.38 
OH 
a, b, c. Бан CqH4405 
д 3 6 lone pairs, 2 lone pairs on each O 

d. The sp? hybridized C's (seven) are labeled with circles. 
e. Orbitals: 

[1] C-C, Сар —С:гр' 

[2] C-C, Csp*-Csp? 

[3] C-H, Csp'-His 

[4] C-H, Ср? His 


1.39 Use the definitions in Answer 1.1. 


Iodine-123 Iodine-131 
a. number of protons = atomic number for I = 53 53 53 
b. number of neutrons = mass number — atomic number 70 78 
c. number of electrons = number of protons 53 53 
d. The group number is the same for all isotopes. 7A 7A 
1.40 Use bonding rules in Answer 1.2. 
H H 
a. Маг Ы. Br-CI с. НСІ d. H-G-N-H 9. Na* [0-6-H 
| H H H 
ionic covalent covalent all covalent bonds ionic All other bonds are covalent. 


1.41 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
(⁄2)(number of shared electrons)]. C is in group 4A. 


нон 
Т à 5 r^ 
a. ,CH)=CH b. H-C-H с. НС d. HZC-C 
| Fi Ed IN 
H H H 


4-[0 + (1/2(8] 20 4-[2 + (1/2(6] 2 -1 4- [2 + (1/2(4)]] =0 4-[1 + (1/2)(6)] 20 4 – [0 + (1/2)(8)] =0 4 - [0 + (1/2(6)] = +1 
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1.42 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
(‘4)(number of shared electrons)]. N is in group 5A and О is in group 6A. 


а. CH3-N-CHs 
5-14 + (1/24) = -1 


5 — [0 + (1/2(8)] = +1 


b. :N-N-N: 


А 


5 – [0 + (1/2)(8)] = +1 5 [2 + (1/2(6) = 0 


6- 


d. 


5 - [4 + (1/2(4] =-1 5 – [4 + (1/2)(4)] = -1 


CH4-NEN: 


[2 + (1/2)(6)] = +1 


| 


:OH 


|| 
CH3—C—CH, 


1.43 Follow the steps in Answer 1.4 to draw Lewis structures. 


e. CH4-O0 в 
у 


6 - [5 + (1/22) = 0 


5-[2 + (1/2)(6)] = 0 


| 


Е CH,-N-O 


6- [4 + (1/24) = 0 


a. СНМ H-C-N-N d. HCO; О: | n 5: 
valence e- H valence е H-C=0 О: 
Maene ec or 1Сх4е =4 
1Сх4е = 4 _ 
mc Zz + 1Hx1e = 1 
2Нх1е = 2 H—G-NzN: = 
== zm 20x6e = 12 
Sere H 1 for (-) charge = 1 
totale" = 16 = = 
PM total e^ - 18 
b. CH3NO, Ну "ln е Нсог Oro 29: 
H-p-N-Or ог H-Ç-N=0: valence e- H-Ó-C20: or H-O-C-O: 
valence e- 4:0: н:07 i1Cx4e "EF! = 5 д 
1Сх4е = 4 1Hx1e- = 1 + 0: 
ЗНх1е = 3 30x6e- =18 of H-6-C-0: 
1Мх5е = 5 1 for (-) charge = 1 i 
20x6e -12 total e- =24 
totale = 24 
с. CH3CNO En и Hu f. -CH;CN Н-С-С=М or н-б=с=м: 
H-Ç-C=N-Ọ: ог H-C-C-N-O' valence e- H H 
valence e^ H H 2Cx4e- = 8 
2Сх4е = 8 H 2 2Hx 1e = 2 
3Hx1e-- 3 | +_+ 1Nx5e- = 5 
Мо вне НЕ ата 1 Юг (-) charge = 1 
1Охбе = 6 H total e- - 16 
totale = 22 
1.44 Follow the steps in Answer 1.4 to draw Lewis structures. 
а. No [1] мм [2] Count valence е-. [3] N-N = :NEN: 
2Nx5e =10 = 
22202 2е used. 
tole" = 10 Complete N octets. 
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b. (CH30H,)* [1] H [2] Count valence e... [3] H apo. 
HCOH 1Cx4e= 4 н-с-о-н H-C-0-H 
H H 5Нх1е = 5 H H H H 
1Охбе = 6 49 g- d Add charge 
totale = 15 94506 and lone pair. 
Subtract 1 for 
(+) charge = 14 
c. (СНзСН2) [1] 4 [2] Count valencee-. [3] нң [41 н 
2Схде- = 8 l Lge 
H—C-C-H H—-C-C-H 
"СОН енхле-=5 íi m 
H H totale” = 13 
Ааа 1 їог 12 e used. Add charge 
(~) charge = 14 and lone pair. 
d. HNNH И] нм NH [2] Countvalencee. [3] H-N—N—H - H-N-N-H 
2Hx1e = 2 = Complete N octets. 
2N x 5e- = 10 Mir cr 
totale = 12 
е. Н6ВМ [1] нн [2] Count valence ет. [3] нон [4] нн 
HBNH 1Bx3e-- 3 H—B—N-H H—B—N-H 
H H бНх1е = 6 HH HH 
INES 14 e used. Add charges. 
totale = 14 


1.45 Follow the steps in Answer 1.4 to draw Lewis structures. 


a.(CH3CH2)20 11 H H HH [2] Countvalncee. [S] H H нн HH HH 
нссоссн 10x6e = 6 H-C-C-O-C-C-H H-C-C-Q-C-C-H 
uli 1 | | 1 l | | | 
HH HH 10Hx1e = 10 HH HH HH HH 
Ate 18 28 e- used. Add lone pairs. 
b.CH,CHCN [1] H H [2] Count valence e-. [3] HoH [4] РА 
ССС М 1Мх5е = 5 C-C-C-N С=С-С=М 
H 3Hx1e- 3 V н 
POTET 12 e- used. Add lone pairs 
totale = 20 and л bonds. 
с. (HOCH>),CO [1] нон [2] Count valence e-. [3] нон [4] H :0: H 
носссон 30x6e= 18 H-0-C-C-C-O-H H-0-C-C-C-O-H 
6Hx1e = 6 
H H H H H H 
зояле = 12 22 e used. Add lone pairs 
саз and л bonds. 


H [2] Count valence e. [но он И но: :о:н 
сн ЗОхбе = 18 H-C-C-0-C-C-H H-C-C-0-C-C-H 
i 6Hx1e-= 6 | H h H 
suse = 16 24 e used. Add lone pairs 
totale" = 40 and x bonds. 


d.(CH3CO),0 MHo o 
нссос 
H 
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a. b. Two of the possible resonance structures: 


NH; 


1.47 Isomers must have a different arrangement of atoms. 


a. Two isomers of molecular formula C3H7Cl 


c. Four isomers of molecular formula C3HgN 


ls ue ig PN 
“tht CT as ER EE 
нн EIE HHHH HHHH 
b. Three isomers of molecular formula СНО H H H H п 
H c N ç H H c C c H 
a WD H H H H 
:Q— :O: H ја 
T m Hog H, A UH H-C—H H-N: 
H-C-C-H  H-C-C-H оком | | 
| l H H H H 
H H 
1.48 
Nine isomers of C3HgO: 
нон: "on a (A id nun 
а аа оо OM а в Xm m E а H-C=C-O-C 
H H H H H H HO: H н H H H 
ae H 
H :O—H ү: ар ‘oO: H 
E ia H Fit C-H 
"» d oH u-e-6-u Là 
H H H H 
1.49 Use the definition of isomers and resonance structures in Answer 1.9. 
:0: 70: Эз О: :0: 
а. b. с. д. 
+ 
5 membered 
CgHgO ring 
A CgHgO CgH400 CgHgO CgHgO 
isomers different molecular formula same arrangement different arrangement 
neither isomers nor of atoms of atoms 


resonance structures resonance structures 


isomers 
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1.50 Use the definitions of isomers and resonance structures in Answer 1.9. 


јод so oc m 


(CsH11)* (CsH11)* (CsH11)* (CsH11)* (CgHg)* 
B different arrangement same arrangement different arrangement different molecular formula 
of atoms of atoms of atoms neither 
isomers resonance structures isomers 


1.51 Use the definitions of isomers and resonance structures in Answer 1.9. 


CH3 
А D “as 
а. CH,-Ó-CH;CH, and CH,-C-OH c. CAN аа SN 
0 x Е 
| Same arrangement of atoms. 
two C-O bonds one O-H bond Both have molecular formula (C4H;) . 
Different arrangement of atoms. Different arrangement of electrons = resonance structures 
Both have molecular formula C3HgO = isomers 
b. and — CH,-C-C-CH; d. CH3CH,CH; апа CH4CH;CH; 
H |H 
| | molecular formula C3Hg molecular formula (C3H7) 
ring double bond 


Different arrangement of atoms different molecular formulas = neither 


Both have molecular formula C4Hg = isomers 


1.52 Compare the resonance structures to see what electrons have “moved.” Use one curved arrow 
to show the movement of each electron pair. 


H H 
Л ME 
а CHa-CIN-CH, -— —- CH4- C-N-CH; 
* + | || = 
H | " (CH, CH; 
One electron pair moves 7 one arrow CI 
c. IS 
» _ O U 
Q: :0: Е 
СЛ. | + Four electron pairs move = four arrows 
b. H-C-NHa; -———- H-C-NHa 


Two electron pairs move = two arrows 


1.53 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron 
pair (a bond or a lone pair) and the head points to where the electron pair moves. 


б 
+ sao ups 
а. СН NEN = CH3—N=N: с — 
Су“ 


+ 
:0: :0: NH; 
c ANT Ul d <> 
b. CH3—C=CH-CH> CH3—C- CH-CH5 Ў .; 


> 


M 
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1.54 Use the rules in Answer 1.13. 


:0: or 
" ce p 
mt Or CH c 0: | Ct 
a. 3 O: E = 3 =) 
C 
Two electron pairs move = two arrows Two electron pairs move = two arrows 


Ch i both at А 
Charge is on both O's. B ee 
Double bond can :0: 


——1 


so: be in 2 locations. i 


"T уједе hybrid 6" hybrid 


Double bond can be in 2 locations. 


+ + - QOH :OH 
b. Gas Nie < — CH2 NH2 d. H-C-H нон 
ый 
One electron pair moves = one arrow One electron pair moves = one arrow 
y Charge is on both atoms. 
partial double bond character | cu 3 
B ys hybrid нй 
сњ=мн; hybrid y 5 
ВЕЗЕ ae C-O bond has 
arge 1S оп. Бш arms; partial double bond character. 


1.55 For the compounds where the arrangement of atoms is not given, first draw a Lewis structure. 


Then use the rules in Answer 1.13. 


RU Count valence е^. quoc TM pe 
30 x6 e- = 18 О-о-о 0=0-0 
totale" = 18 
b. МОз (acentral N atom) 
pro cc A A ШО. 
ЗОхбе- =18 Панус MG шыс =. 
roe = pex “0: Non 
(-) сћагје = 1 : 
total e7 - 24 
с № Count valence е“. sue dE SEL. + .. De Д 4 
ји 3Nx5e- -15 N-N-N^ -———- N=N-N  -——- :N-NEN 
(-) charge = 1 
total e7 =16 
"CENA SE "orn онон 
К = | | | 
а Сс-С-С—н = = H-C-C-C-C-C-H ~ = H-6-C-C-C-C-H 
| l 
H H H H H 


S —9—C 
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YN T Я f^ E 
f. CH=CH Ген CH=CH, = - n? CH=CH CH=CH, = = CH)=CH-CH=CH-CH, 


m 09 sa 
в. en 


1.56 To draw the resonance hybrid, use the rules in Answer 1.14. 


H H H H H 
" 
H CH» H “УСН, H CH3 H 2 H CH, 
H H H H H у H H H H H 
H H H H H 


resonance hybrid 


1.57 A *better" resonance structure is one that has more bonds and fewer charges. The better 
structure is the major contributor and all others are minor contributors. 


Her :0 E :0: 
LATE | ГЕ + 
a. CH4-C-O-CH; A LN MS RD 
3 C-O bonds 2 C-O bonds 3 C-O bonds 
no charges 2 charges 2 charges 
contributes the most = 3 contributes the least = 1 2 


.. .. - c m 
b. CH; C-N- NH; CH4-C-N-NH; CHs-C-N-NH; 


3 bonds for this N 3 bonds for this N 2 bonds for this N 
no charges 2 charges 2 charges 
contributes the most = 3 2 contributes the least = 1 
1.58 
This C would have 5 bonds. 
HA HH Е B invalid 
a D b с. CH.CH;- CN: == CHCH;-C-N: d Ao ge NN 
i SA k X loi un i^ 3CH2 №: а. E ~ E | i 
invalid This C would have 5 bonds. 


[Note: The pentavalent C's in (a) and (d) bear a (—1) formal charge.] 
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1.59 Use the rules in Answer 1.18. 


3 groups = 120° 


С H H 
| с oC C=N 4 groups = 109.5° 
BHO. Bas 120°C СЕМ А group H с 
H^ Уң H CH3 e. 
\4 3 groups = 120° H H 
4 groups = 109.5° BN 
120 
All C atoms have 
4 groups = ~109.5° 4 groups = 109.5* 3 groups = 120°. 
ji 
b. H-Ñ-Ö-H d. ur ар 
H H 


ES o both C's surrounded by 4 groups = ~109.5" 
4 groups = ~109.5 2 groups = 180* 


1.60 To predict the geometry around an atom, use the rules in Answer 1.17. 


О 
CH4CH5CH5CH EN 
a. aV про ИЗ c. -— 3 groups е. CH$4-C-OH 
4 groups (3 atoms) 
Tou trigonal planar 
(4 atoms) 9 р a groups 
tetrahedral : (3 atoms) 
trigonal planar 
b. (СНБ) d. [i f. оњ 
4 groups 4 groups 4 groups | 
(2 atoms, 2 lone pairs) (4 atoms) (3 atoms, 1 lone pair) 
tetrahedral tetrahedral . tetrahedral 
(bent molecular shape) (trigonal pyramidal molecular shape) 


1.61 Each C has two bonds in the plane of the page, one in front of the page (solid wedge) and one 
behind the page (dashed line). 


RF 


M 
CF3CHCIBr „Су „Н 
Е С 
15. 
Br CI 


1.62 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
The C's are all tetravalent. All H's bonded to C's are drawn in the following structures. C's 
labeled with (*) have no H's bonded to them. 
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H HH O HHHH Н H H 
O WE CH 
CHj N^* 2 3 5 " 
а. H HHHH H H CH, P 
но“ H 
ү н н | 
Н 
i Ss 
H 


1.63 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all C's, and then adding H's to make the C's tetravalent. 


H Ho- 
HY VD n 
а, H, сс H „СНз 
CH,-C | C-GC-H 
„C-C, СН H 
H' Il ТН HH | 
H H “о 
menthol гам HR 
i int oi € СНз. „С LC. LN. LC. 
(isolated from peppermint oil) з-с CN C C сн, 
/\ HH PN lu 
HH HH Ке 
l 
СНз HH с^ H H 
V 
„Са, АСС eo ethambutol 
b. CH Сс с сон (drug used to treat tuberculosis) 
H HH H 
myrcene 


(isolated from bayberry) 


estradiol 
(a female sex hormone) 


1.64 In skeletal formulas, leave out all C's and H’s, except H’s bonded to heteroatoms. 


а. (CH3);CHCH;CH;CH(CH3)5 H 


/ я 4 ем | SN f, CH3(CH»)sC(CH3)sCH(CH3)CH(CH3)CH(Br)CH3 
acme” “ К / 


b. CHCH(CI)CH(OH)CHs 
Cl H H 
H.i IH 
| С-С^°ң CH3 
/ Nu Lf 
e Сы-С СС 
OH ъс 
C. (CH3)3C(CH2)5CH3 


oe 


limonene 
(oil of lemon) 


Br 
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1.65 For Lewis structures, all atoms including H's and all lone pairs must be drawn in. 


a. CH34CH5COOH C. CH34COCH3Br e. (CH3)3CCHO g. CH3COCH5CO;H 
dE gg n dd "ene 
неон ной O-6—6-H  небобфн 

H H H H CH3 H H 
b. CH3CONHCHs d. (CH3)3COH f. CH4COCI h. HO;CCH(OH)CO;H 
H :O: H GHz. H :0: О: " :0: . 
H-6—C-N—C-H CHs-C-O-H TUS H-G-6-C-C-Ó-H 
| | | | vs 
H H H CH3 H :0-H 


1.66 A charge on a C atom takes the place of one H atom. A negatively charged C has one lone 
pair, and a реса charged C has none. 


ЊЕ 


B на ut H HH H 
3 
_CH 
а.  CH—NCH, b. CH3-C=NH c O au d он ч 
СНз H H CH3 
H CH; 


1.68 Examine each structure to determine the error. 


This C has 3 bonds. 
a. CH.CH-CH-CHCH, or г | 
| с. d. е. CHCH; 
This C has 5 bonds. 
This H has 2 bonds. This C has 4 bonds. The 


b. (СНз)зСНСН>СН>СНЗ It should be НО-. negative charge means a lone 


pair, which gives C 10 electrons. This has s bonds, 


This C has 5 bonds. 


It should be СНзСН>-. 
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1.69 To determine the hybridization around the labeled atoms, use the procedure in Answer 1.29. 


a. CH3CH, c. (CH3)30* €. CH,-CEC-H 
4 groups 4 groups 2 groups 
(8 atoms, 1 lone pair) (8 atoms, 1 lone pair) (2 atoms) 
sp, tetrahedral 5р3, tetrahedral sp, linear 
(trigonal pyramidal (trigonal pyramidal 
molecular shape) molecular shape) 
d. f. СН,=МОСН 
OS Оне oe 
4 groups 4 groups 3 groups 
(4 atoms) (4 atoms) (2 atoms, 1 lone pair) 
ѕр?, tetrahedral sp?, tetrahedral sp?, trigonal planar 


(Each C has 2 H's.) 


g. CH3CH=C=CH, 


3 groups 
(3 atoms) 
sp? 
trigonal planar 


2 groups 
(2 atoms) 
sp, linear 


1.70 To determine what orbitals are involved in bonding, use the procedure in Answer 1.27. 


HH Мас Си Csp?—Osp? 
<—— С вр—Н15 T: Ср- Ор 
а <— С вр—Сзрз с. 
Csp-Csp? 
с: Csp?- Csp? 
Сар—Н15 — п: C,-C —Cc2c-c-N- 
FA p p d. H | С c N T 
" H о: Csp?- Nsp? 
b. = Csp*—Csp Csp-H1s б: Csp-Csp 
i Сь—Сь 
п: Ср-Сь 
1.71 
6: Csp-Csp? р д bonds 
T:Cp-Cp Sp sp? SP" | о bonds 
ES 
ketene CH?-C-O 1s 447 sp? 
P ке; 
2 а: Csp-Osp? 
Sp T: Ср-Ор sp? sp? 
[For clarity, only the large bonding lobes of the hybrid orbitals are drawn.] 
1.72 
t Ж 
CH;-CH о: Сзр?=Сзр CH2=CH о: Csp?- Csp? 


T: Cp-Cp | | т: Cp-Cp 


2 2 


sp? sp Sp? sp 
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1.73 To determine relative bond length, use the rules in Answer 1.31. 


H H 
a. ( )—с=с-н ( )—с-с-н OR b. H-C-C-CH,-C-C-C-H 
| нін Hf | [^ HN 


[od 
H H 


triple bond double bond single bond Csp—-H1s Се НИз Csp?-H1s 
shortest middle longest highest middle " edi ‚ 
0 = =| 
% S-character B schade ” s-character 
shortest middle longest 


1.74 


b. andd. bond (1), | 
longest, рате. „1... 
== Н 
weakest C-C boñ | (2) | + — — — e. strongest C-H bond 
single bond a. shortest c-c Ё Bond (1) is a Csp®-Csp? bond, and bond (2) is a Csj*- Cs? bond. Bond 
single bond (2) is shorter due to the increased percent s-character in the sp? 
hybridized carbon. 


с. shortest, strongest C-C bond 


1.75 Percent s-character determines the strength of a bond. The higher percent s-character of an 
orbital used to form a bond, the stronger the bond. 


vinyl chloride chloroethane (ethyl chloride) 
CH2-CH—Cl 33% s.character ЕСЕ 
higher percent s-character 25% s-character 
Cs? stronger bond Csp? 


1.76 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative 
atoms "pull" electron density towards them, making a dipole. 


$ ё 6 в 
а. ё S 6" b. ER c. км д. Cx 6" 


1.77 Use the directions from Answer 1.34. 


a. CHBr; c. CBr, У 
" Nn Е < net dipole 
EN . + B 
p net dipole „СУ Br no net dipole i 
a qii aA i 
до 
b. СНАСЊОСЊСНа СНз 
Ke d. A f. no net dipole 
OS ~ Pad ves С^ 
[net dipole jud 


net dipole 
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1.78 
1 сапа 2 x bonds 
polar bond 
o 
(essentially) nonpolar 
tetrahedral к $ 
sp? hybridized Tem 
linear idi 
Si sp hybridized 
sp hybridized тһе lone pair is in an 
sp hybrid orbital. 
All С-Н bonds are nonpolar с bonds. 
All H's use a 1s orbital in bonding. 
1.79 
a. sp? 


b. Each C is trigonal planar; the ring is flat, drawn as a hexagon 
с. 


sp? hybridized C 


p orbitals on C's overlap sp? hybrid orbitals on C 


д bonds 


© — Q 


e. Benzene is stable because of its two resonance structures that contribute 


equally to the hybrid. [This is only part of the story. We'll learn more about 
benzene's unusual stability in Chapter 17.] 


с bonds 


1.80 
3 groups 

3 groups sp? 4 groups 

sp? н trigonal iol sp? 
а. trigonal planar H o/ H mg 

è y N | | S 
HO CH3 
HU AE 
| We d c- 
4 groups HO NS groups 
sp? sp? 
tetrahedral 


trigonal planar 
(trigonal pyramidal molecular shape) 


| ноћ n] 


E HO C—C4N | 5 сњ All C—O, C-N, C-S, МН, and О-Н bonds are 
: \ fi 7 7 polar and labeled with arrows. 
NH2 N СНз ' i à 
H H О АП partial positive charges lie on the C. 
| H C-O 


| АП partial negative charges lie on the О, М, or S. 
H-O" In OH and NH bonds, H bears а 8". 


H H 
<> [Only the larger bonding lobe 


of each orbital is drawn.] 
H H 
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skeletal structure: e. 33% s-character = sp? hybridized 
Nd 
rx p Ax 
pu ја These С-Н bonds have 33% s-character. 
HO H 
H 
OH 


i 
d. NO Г 6 x bonds 


1.81 
d. 
4 groups 
sp? 
tetrahedral >. 
3 groups (trigonal pyramidal molecular shape) constitutional isomer resonance structure 
sp? lone pair in sp? orbital 
trigonal planar 
lone pair in sp? orbital 
1.82 a. 
longest C-N bond 
|» нн 
c- с- 
x. m. ue cum A 
нб с с „С-Н н 
bri c Pg Sov А H 
Зи "CEN: ст с- H 
о А нін 
Nes 
:6: Shortest longest C-C bond 
UU C-N bond 
b. The C-C bonds in the CH2CH3 groups are the longest because they are formed from sp? 


hybridized C's. 

c. The shortest C-C bond is labeled with a (*) because it is formed from orbitals with the 
highest percent s-character (Csp—Csp’). 

d. The longest С-М bond is formed from the sp? hybridized C atom bonded to a М atom 
[labeled in part (a)]. 

e. The shortest C-N bond is the triple bond (CEN); increasing the number of electrons between 
atoms decreases bond length. 
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| H H OF 
zi H-O —N-CH;CH; 
и L СН>СНз 
н-ӧ =N: 
"N-O 
:0: 
1.83 
" 3 groups " 4 groups 
CH; sp? trigonal planar :СНз — sp?tetrahedral 
plot A (The molecular shape is trigonal pyramidal.) 


plot B 


The blue region is evidence of 
the electron-poor cation. The red region is evidence of 
the electron-rich anion. 


1.84 If the N atom is sp? hybridized, the lone pair occupies a p orbital, which can overlap with the л 
bond of the adjacent С=О. This allows electron density to delocalize, which is a stabilizing 


feature. 


(3 
UL: ) E : 
ae С, О, and М use sp* hybrid orbitals to form o bonds. 
К XP) 
п bond formed by overlap of Cp-Op 
MN bond f db | f Ср-О 


с bonds їп -CCONH5 


1 bonds in -CONH; u R 


T 


The lone pair occupies the unhybridized p orbital. 


1.85 
[1] 
Г 
— C 
CH3— OH сни | На 
sp? sp? 
25% s-character 3396 s-character 
The lower percent s-character 
makes this bond longer. 
. ЇЗ] т 20:87 
b. Q9; 9 | 
Боа „С ZUM 
СН; | О: CH& “о CH 0:5- 
hybrid 
[4] y 


two resonance structures 
Bonds [3] and [4] are both equivalent in length, because the anion is resonance-stabilized, and 
the C—O bond of the hybrid is a composite of one single bond and one double bond. Both 
resonance structures contribute equally to the hybrid. Since each C—O bond in the hybrid has 
partial double bond character, it is shorter than the C—O single bond labeled [2]. 
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1.86 Ten additional resonance structures are drawn. (There are more possibilities.) 


TAY 


“Әз, Ot Он 


H H = H 
— | Pa = 


:О: 


H NC H 
Ho ум, но од 
:0: :0: 


1.87 Polar bonds result from unequal sharing of electrons in covalent bonds. Normally we 
think of more electronegative atoms “pulling” more of the electron density towards them, 
making a dipole. In looking at a Csp"—Csp’ bond, the atom with a higher percent s-character 
will “pull” more of the electron density towards it, creating a small dipole. 


33% s-character & $s 
higher percent s-character —Csp?—Csp3— 
pulls more electron density 25% s-character 
more electronegative 


1.88 
Isomers of C4Hg: 
H H H H 
Hod C. сн C. LH C. сн 
`с° ~CHCH3 сну c^ сну ^ C^ H^ «c^? 


| | 
H H | СНз СНз 


These two compounds are different 
because of restricted rotation around 
the C=C (Section 8.2B). 
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1.89 Carbocation A 15 more stable than carbocation B because resonance distributes the positive 
charge over two carbons. Delocalizing electron density is stabilizing. B has no possibility of 
resonance delocalization. 


+ + 
© па == Q С) No resonance structures 
+ 
А 


B 
1.90 
HO: но н 
а [1] H = 
а. + ar jd + :Cl: 
HO) н +ОН :OH 


b. 3" qm "S 008 . 
[3 ui. 


x phenol 
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Chapter 2 Acids and Bases 


Chapter Review 


A comparison of Brensted—Lowry and Lewis acids and bases 


Type Definition Structural feature Examples 
Brensted-Lowry acid proton donor a proton НСІ, Н,804, НО, 
(2.1) СНзСООН, ТОН 
Brensted-Lowry base proton acceptor a lone pair or a п bond “OH, OCH;, H, NH», 
(2.1) CH=CH; 
Lewis acid (2.8) electron pair a proton, or an unfilled ВЕз, AICl;, НСІ, 
acceptor valence shell, or a partial СНзСООН, НО 
(+) charge 
Lewis base (2.8) electron pair a lone pair or a x bond СОН, OCH5, Н”, МЊ, 
donor CH=CH: 


Acid-base reactions 
[1] A Brensted-Lowry acid donates a proton to a Brensted-Lowry base (2.2). 


"uin Н 
5 Nc S | 
H—O—H +  H-N-H == H—O: + H—N—H 
acid base conjugate base conjugate acid 


proton donor proton acceptor 


Б] i c I I III IU Penes 


E ME e 


CH3 CH3 
Lewis acid Lewis base 
electrophile nucleophile 


e Electron-rich species react with electron-poor ones. 
e Nucleophiles react with electrophiles. 


Important facts 
e Definition: pK, = -log Ka. The lower the pKa, the stronger the acid (2.3). 


NH3 versus Но 
pK, = 38 pK, = 15.7 
lower pK, = stronger acid 
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e The stronger the acid, the weaker the conjugate base (2.3). 


Increasing pK, Increasing pK, of the conjugate acid 
m ——————— Àááá 
CH=CH» CH4COOH HCI _ _ = 
Cl CH4COO CH,-CH 
pK, = 44 pK, = 4.8 pK, =-7 


MM — nl 
Increasing acidity Increasing basicity 


e In proton transfer reactions, equilibrium favors the weaker acid and the weaker base (2.4). 


H-C=C-H + :NH ===  Н-СЕС: + мњ 


рКа = 25 Urs cR Equilibrium favors | 
stronger acid | weaker acid the products. 
unequal equilibrium arrows 


• Anacid can be deprotonated by the conjugate base of any acid having a higher pK, (2.4). 


Acid pKa Conjugate base 
CH3COO-H 4.8 CH3COO ^ 
CH3CH;0-H 16 CH3CH;O ^ These bases 
HC=CH 25 НС=С can deprotonate 
H-H 35 н“ CH3COO-H. 
higher pKa 
than 
CH3COO-H 


Factors that determine acidity (2.5) 


[1] Element effects (2.5A) The acidity of H—A increases both left to right across a row and 
down a column of the periodic table. 


Increasing electronegativity 


Increasing acidity 


H—F H-CI H—Br H—I 
Increasing size 


Increasing acidity 
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[2] Inductive effects (2.5B) 


The acidity of H—A increases with the presence of electron- 
withdrawing groups in A. 


CH3CH,OH CH4CH9O - 

weaker acid No additional electronegative 
atoms stabilize the conjugate base. 
Еб 
& gpl _ 

CF3CH20H > F<—C=-C<O 

stronger acid | | 
F87 


CF; withdraws electron density, 
stabilizing the conjugate base. 


[3] Resonance effects (2.5C) 


The acidity of H—A increases when the conjugate base А: 1 


resonance stabilized. 


CH4CH;O-H снзсн 
ethanol ethoxide 
conjugate base 
only one Lewis structure 

О: ep :0: 

CH4-C > СЊ-С. 7— 7 CHs&-C 
= STO 
:OH (9: : 
NE acetate 
acetic acid conjugate base 
more acidic 
two resonance structures 


[4] Hybridization effects 
(2.5D) 


The acidity of H—A increases as the percent s-character of 


the A: increases. 


CH3CH3 CH2=CHp H-C=C-H 
ethane ethylene acetylene 
pK, = 50 pK, = 44 рКа = 25 


— ———————————————————————————— 


Increasing acidity 
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Practice Test on Chapter Review 


1. a Given the pK, data, which of the following bases is strong enough to deprotonate СеН5ОН 


(pKa = 10) so that the equilibrium lies to the right? 

Compound pKa 

H;0° -1.7 1. NaOH 

NH," 9.4 2. NaNH? 

H20 15.7 3. NH3 

МН» 38 4. Compounds (1) and (2) are strong enough to deprotonate 
СеН5ОН. 

5. Compounds (1), (2), and (3) аге all strong enough to 

deprotonate CeH5OH. 


b. Which of the following statements 1s true about pK;, acidity, and basicity? 


l. 


A higher pK; means the acid is less acidic. 


2. In an acid-base reaction, the equilibrium lies on the side of the acid with the higher pKa. 
3. A lower pK, value for the acid means the conjugate base is more basic. 

4. 
5 


Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


c. Which of the following species can be Lewis acids? 


l. 


pho UY бе 


BCl; 

CHOH 

(СНз)зС* 

Both (1) and (2) can be Lewis acids. 

Species (1), (2), and (3) can all be Lewis acids. 


2. Answer the following questions about compounds A-D. 


О 
И 
CH2CH СНОН CH3NH С 
А B [e D 


Which compound is the strongest acid? 


b. Which compound forms the strongest conjugate base? 


The conjugate base of С is strong enough to remove a proton on which compound(s) 
such that the equilibrium favors the products? 


3. (a) Which compound is the strongest Bronsted—Lowry acid? (b) Which compound is the weakest 
Brensted—Lowry acid? 


A 


а! а! 
м pP куул „лон 
в с р 
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4. Draw all the products formed in the following reactions. 


NHCH3 CI 
a. OT + HBr b. ГҮ + Ма МН, ———— 
HO 


NO; 
5. Draw the product(s) formed in the following Lewis acid-base reaction. 


+ 
(CH3)2CH + CH30H 


Answers to Practice Test 

a.4 .а. С 4. a. 5. 

b.4 b.A b. В M 
с. 5 


NH2CH3 (CH3)CH—Ö— CH3 
c. B, D сүт + Br н 


Answers to Problems 


21 Brensted—Lowry acids are proton donors and must contain a hydrogen atom. 


Brensted—Lowry bases are proton acceptors and must have an available electron pair 
(either a lone pair or a x bond). 


a. HBr: NH3 CCl, 
acid acid not an acid—no H 
b. CH3CH3 (СНз)зС0: H-C=C-H 
no lone pairs lone pairs 
or x bonds on O 
not a base base разе—т bonds . 
О: 
5 и 
C. CH3CH20H CH3CH2CH25CH3 СНз-С} 
:OCH3 
not a base—no lone pairs 
base—lone pairs on O or x bonds base—lone pairs on O's, x bond 
acid—contains H atoms acid—contains H atoms acid—contains H atoms 


2.2 A Brensted-Lowry base accepts a proton to form the conjugate acid 


. A Brensted-Lowry 
acid loses a proton to form the conjugate base. 


a NH3 NH,* b. HBr Br- 
CIT HCI HSO4 50, 
» 
(СНз)2С=0 (CH3)2C=OH CH30H СНзО- 
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2.3 


2.4 


2.5 


2.6 


The Bronsted—Lowry base accepts a proton to form the conjugate acid. The Brensted-Lowry 
acid loses a proton to form the conjugate base. Use curved arrows to show the movement of 
electrons (NOT protons). Re-draw the starting materials if necessary to clarify the electron 
movement. 


a. н-б: + њо = or + HÖ 
~ H n . 
acid base conjugate base conjugate acid 
:0: ‚О: 
b C [OCH Y x 
БАНЕ усә, * "С°З = сд, + CHOH 
uM Cay Cas an 
acid base conjugate base conjugate acid 


To draw the products: 

[1] Find the acid and base. 

[2] Transfer a proton from the acid to the base. 

[3] Check that the charges on each side of the arrows are balanced. 


О: 3 
а. CkC-C_, "To REL сьс + HO-CH, (-)1 charge on each side 


[0-H = 
acid base 
Y _ 
b. H-C=C-H + ІН = H-C=C7 + He (–)1 charge on each side 
acid base 
< Уу. + К 
C. CH3—NH, + не CH3-NH3 + CE net neutral on each side 
base acid 


d. CH3CH,-O-H_ + H7080; === 


base acid 


CH3CH)-O+H + ~OSO3H net neutral on each side 
l 
H 


Draw the products in each reaction as in Answer 2.4. 


5 : HCI * А 

a. CH4OH СНЗОН» + CI C. (CH3)3N (CH3)3NH + CI 
и HCI + 

Б(сњено 9 (CH3CH2)20H + СГ a Сом БЕБЕ [ON + Cr 


The smaller the pKa, the stronger the acid. The larger the Ka, the stronger the acid. 
OH СНз 
а. СНАСЊСНа ог CH4CH5OH b. Cy or Cy 
pK, = 50 pK, = 16 


smaller pK, 


stronger acid 
larger Ка 


stronger acid 
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2.7 To convert from К, to pKa, take (—) the log ofthe Ka; pK, = -log Ka. 
To convert pK, to Ka, take the antilog of (—) the pKa. 


а. К.= 10-10 К,= 10721 К,=5.2х105 Ы. pKz=7 pKa=11 Рк,=3.2 


| 


pK,=10 рк, =21 pK, = 4.3 K,7107 К, = 10711 К, = 6.3 x 104 


2.8 Since strong acids form weak conjugate bases, the basicity of conjugate bases increases 
with increasing pK; of their acids. Find the pK; of each acid from Table 2.1 and then rank 
the acids in order of increasing pKa. This will also be the order of increasing basicity of their 
conjugate bases. 


a. Increasing acidity Increasing acidity 
—— 


b. 
Н2О, NH3, CH4 HC=CH, СН›=СН», CH4 
рКа = 15.7 38 50 pK, = 25 44 50 
conjugate bases: “ОН, МН), СН» conjugate bases: | -С=СН, -CH-CH;, СНз 
= = 
Increasing basicity Increasing basicity 


2.9 Use the definitions in Answer 2.8 to compare the acids. The smaller the рК, the larger the 
Ка and the stronger the acid. When a stronger acid dissolves in water, the equilibrium lies 
further to the right. 


HCO;H (CH3)3CCO2H 
formic acid pivalic acid 
pK, = 3.8 pK, = 5.0 


a. smaller pK, = larger Ka c. weaker acid = stronger conjugate base 


b. smaller pK, = stronger acid 
d. stronger acid = equilibrium further to the right 


2.10 То estimate the pK, of the indicated bond, find a similar bond in the pK, table (H bonded to 
the same atom with the same hybridization). 


a Сум b =“ с. BrCH gos 
Е Е * 2 


For NH3, pKa is 38. For CH3CH5OH, For СНзСООН, pK, is 4.8. 
estimated pK, = 38 pK, is 16. estimated pK, = 5 
estimated pK, = 16 


211 Label the acid and the base and then transfer a proton from the acid to the base. To 
determine if the reaction will proceed as written, compare the pK; of the acid on the left with 
the conjugate acid on the right. The equilibrium always favors the formation of the 
weaker acid and the weaker base. 


a.  CH;-CH, +o Hk сн;=бн + H2 Equilibrium favors 
acid base conjugate base conjugate acid the starting materials. 
pK, = 44 pK, = 35 


weaker acid 
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b. CH, + “OH === 
acid base 


: CH3 М НО: Equilibrium favors 


conjugate base conjugate acid the starting materials. 
pK, = 50 pK, = 15.7 
weaker acid 
c. CH3COOH + сњењо: == сњсоо + — CH3CH,OH Equilibrium favors 
acid base conjugate base conjugate acid the products. 
pK, = 4.8 pK, = 16 
weaker acid 
d. ‘Clr + CH3CH,OH HCI: + CH3CH,0 > Equilibrium favors 
~ | | А the starting materials. 
base acid conjugate acid conjugate base 


pK, = 16 
weaker acid 


pKa Sor 


2.12 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


CH3CN 
pK, = 25 
Any base having a conjugate 
acid with a pK, higher than 
25 can deprotonate this acid. 


Base Conjugate acid pK, 
Picts несе i9 [Only ман and NaNH; 
маон“ H20 157 are strong enough to 
NaNH; МН» 38 deprotonate acetonitrile. 
NaHCO, НСО; 6.4 


2.13 The acidity of H-Z increases left to right across а row and down a column of the periodic 


table. 


a. NH3, Но 


О is farther to the right іп 
the periodic table. 
stronger acid 


b. HS, HBr 


Br is farther across and down 
the periodic table. 
stronger acid 


214 Compare the most acidic protons in each compound to determine the stronger acid. 


a. CH3CH;CHo9NH, ог 


М-Н bond 


N is farther to the right in 
the periodic table. 
stronger acid 


(CH3)3N 


С-Н bond 


b. CH3CH,OCH; ог CH3CH,CH,OH 


С-Н bond О-Н bond 


O is farther to the right in 
the periodic table. 
stronger acid 


2.15 Look at the element bonded to the acidic Н and decide its acidity based on the periodic 
trends. Farther to the right and down the periodic table is more acidic. 


most acidic 


a. CH3CH2CH2CH2OH 


Molecule contains С-Н 
and O-H bonds. 
O is farther right; therefore, 


O-H hydrogen is the most acidic. 


most acidic most acidic 


b. HOCH;2CH;CH5NH5 
Molecule contains С-Н, 
М-Н, апа О-Н bonds. 

О is farthest right; therefore, 
O-H hydrogen is the most acidic. 


С. (CH3)2NCHsCH2CH2NH> 
Molecule contains С-Н and МН 
bonds. 
N is farther right; therefore, 
М-Н hydrogen is the most acidic. 
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2.16 The acidity of HA increases left to right across the periodic table. Pseudoephedrine contains 
С-Н, М-Н, and O-H bonds. The О-Н bond is most acidic. 


-FR-D H H 
/ | 


pseudoephedrine 
skeletal structure 


2.17 More electronegative atoms stabilize the conjugate base, making the acid stronger. 
Compare the electron-withdrawing groups on the acids below to decide which is a stronger 
acid (more electronegative groups — more acidic). 


а CICH;COOH ог FCH,COOH C. CHCOOH or O;NCH;COOH 
more acidic more acidic 
F is more electronegative than Cl, making the Р 5 Я 5 
O-H bond in the acid on the right more acidic. NO3 is electron withdrawing, making the 


О-Н bond in the acid on the 
right more acidic. 
b. СЕСНСЊОН or CI2CHCH;CH50H 


Cl is closer CI is farther from the 
to the acidic О-Н bond. O-H bond. 
more acidic 


218 More electronegative groups stabilize the conjugate base, making the acid stronger. 


HOCH5CO;H CH34CO;H 
an а-ћудгоху acid acetic acid 
The extra OH group contains an electronegative 
O, which stabilizes the conjugate base. 
stronger acid 


219  HBris a stronger acid than НСІ because Br is farther down a column of the periodic table, 
and the larger Br anion is more stable than the smaller CI anion. In these acids the H is 
bonded directly to the halogen. In HOCI and HOBr, the Н is bonded to О, and the halogens 
Cl and Br exert an inductive effect. In this case, the more electronegative СТ stabilizes ОСІ 
more than the less electronegative Br stabilizes OBr. Thus, НОС! forms the more stable 
conjugate base, making it the stronger acid. 


2.20 The acidity of an acid increases when the conjugate base is resonance stabilized. Compare 
the conjugate bases of acetone and propane to explain why acetone is more acidic. 


Г, base e Ac ЈЕ 2 resonance structures 

~ Је ~ more stable conjugate base 

сну“ “СНз сн” "CH, сну "CH, Acetone is more acidic. 
acetone 


One resonance structure places the (—) charge on the 
pKa = 19.2 more electronegative O atom. This is especially good. 
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base - 
СНзСН>СНз CH3CH2CH2 only one Lewis structure 


propane less stable conjugate base 
pKa = 50 (Any C-H bond in the starting 
material can be removed.) 


2.21 The acidity of an acid increases when the conjugate base is resonance stabilized. Acetonitrile 
has a resonance-stabilized conjugate base, which accounts for its acidity. 


H 
| base FA. | u- Тһе negati i ili 
H—C-C2N: АСС: —Cc-c-N: gative charge is stabilized by 
| ce a delocalization on the C and N atoms. 


acetonitrile 


(one Lewis structure) Having the (—) charge on the electronegative N atom adds stability. 


2.22 Increasing percent s-character makes an acid more acidic. Compare the percent 
s-character of the carbon atoms in each of the С-Н bonds in question. A stronger acid has a 
weaker conjugate base. 


H H 
a. M dr ss or m b. CK OF Ө 


sp hybridized С sp? hybridized C sp? hybridized C | sp? hybridized C 
50% s-character 25% s-character 33% 5-сћагасјег | 25% s-character 
base more acidic base base more acidic 
base 


CH4CH;-CsCi ог CH3CH;CH;CH; = =>" 
stronger or 


conjugate base 
stronger 


conjugate base 


2.23 То compare the acids, first look for element effects. Then identify electron-withdrawing 
groups, resonance, or hybridization differences. 


a. CH4CH;CH; CH3CHNH; CH3CH,OH c. (СНз); CH3CHjNH> CH4CH;OH 


C isfarthestleftin ^ intermediate О is farthest rightin C is farthest leftin intermediate О is farthest right in 


the periodic table. acidity the periodic table. the periodic table. acidity the periodic table. 
CH bond is OH bond is CH bond is OH bond is 
least acidic. most acidic. least acidic. most acidic. 
b. CH3CH,CH,OH CH3CH,COOH BrCH;COOH 
OH group intermediate Bris electron withdrawing 
least acidic acidity and the conjugate base 


is resonance stabilized. 
most acidic 
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2.24 Look at the element bonded to the acidic H and decide its acidity based on the periodic 
trends. Farther to the right and down the periodic table is more acidic. 


most acidic 
тИ most acidic 
а. Б. © © COOH 
THC ketoprofen 
tetrahydrocannabinol The molecule contains C-H 
The molecule contains C-H and O-H bonds. 

and О-Н bonds. O is farther right; therefore, 

O is farther right; therefore, O-H hydrogen is the most acidic. 


O-H hydrogen is the most acidic. 


2.25 Draw the products of proton transfer from the acid to the base. 


a. бизд + М№а* Н: === (СНз),СНӦ: Ма + Н, 
асіа base conjugate base conjugate acid 


“~ + 
b. (CH3)2CHO-H_ + M bsc. == (СНз),СНОН, + HSO, 
base acid conjugate acid conjugate base 


c. ence + Li*-N[CH(CH3)gl; (CH3).CHO: Lit +  HNICH(CH3)2]2 
acid base conjugate base conjugate acid 


| 


A + 
: т ——= (CH3);CHOH; * -OCOCH3 
base acid conjugate acid conjugate base 


o 


2.26 То cross a cell membrane, amphetamine must be in its neutral (not ionic) form. 


S N ÇH protonation CH; deprotonation СН 
( CH;-C-H - € У-ењ-с-н € У-ењ-с-н 
m | by HCI in in the intestines у 
:NH NH :NH 
? the stomach Mc : 
H absorption here | 
in the neutral form 


amphetamine 


2.27 Lewis bases are electron pair donors: they contain a lone pair or a л bond. 
a. NH; b. CHCH;CHs c. НЕ d. H-C=C-H 


yes - has no - no lone pair yes - has yes - has 
lone pair or x bond lone pair 2 п bonds 
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2.28 Lewis acids are electron pair acceptors. Most Lewis acids contain a proton or an unfilled 
valence shell of electrons. 


а. ВВгз b. СНзСН2ОН с. (CH3)3C* а. Br 
yes yes yes no 
unfilled valence shell contains a proton unfilled valence shell no proton 
on B onC no unfilled valence shell 


2.29  Labelthe Lewis acid and Lewis base and then draw the curved arrows. 


new bond 
б n F|, cH t 2. T 
a. BF, + СН.-О-СН, ~ Е_В-О: b. (СНасн + :OH =  (CHa3)j;CHOH 
5 =, 
CH 
Lewis acid Lewis base F ° Lewis acid Lewis base 
unfilled valence shell lone pairs unfilled valence lone pairs 
on B onO shell on C on O 


2.30 А Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile 
other than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the 
starting materials and then draw the products. 


о 
pr "e CI-AI-CI 
E Br-B-Br о UN Ot 
а. CH3CH,-O-CH2CH3 + ВВв ——> CH,CH,-Q-CH,CH; b. ET н + АС; —- i 
3 tre 
Lewis base Lewis acid А 3 Lewis acid CHS `Ch; 
nucleophile i Lewis base electrophile 
i ае eb ed nucleophile unfilled valence shell 
lone pairs unfilled valence shell lone pairs A 
ng on B оп О 7 


2.3] Draw the product of each reaction by using an electron pair of ће Lewis base to form a new 
bond to the Lewis acid. 


нз 
~ CH3—B—CHg 
a. CHCH;-N-CH;CH, + В(СНз)з — CH,CH;-N- CH;CHs 
CH2CH3 CH CH; 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
onN onB 
ehs 
4 CH3—C—CHg 
b. CHsCH»—N—CH,CH, + *С(СНз)з > CH,CH;-N--CH;CH; 
CH,CH3 CH2CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 


оп М on С 
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С! 
CI-AI-CI 
с. CHCH;-N-CH;CH; + Ас ——- CH3CH?-N- CH;CHs 
CH;CHs CH;CHs 

Lewis base Lewis acid 

nucleophile electrophile 

lone pair unfilled valence shell 
on N on Al 


2.32 Curved arrows begin at the Lewis base and point towards the Lewis acid. 


бе ~ new С-Н bond 
CH3 H |н сн 


| | / s 
CHC + HOS === HŽC-C+ + HÖ 
H H H 


Lewis base Lewis acid 
contains a x bond contains a proton 


2.33 a,b. Since acidity increases from left to right across a row of the periodic table and 
propranolol has С-Н, М-Н, and O-H bonds, the O-H bond is most acidic. NaH is a 
base and removes the most acidic OH proton. 


Es mE e | ма“ 


я н 


most acidic 


Sb aie 
propranolol Na Н: 
skeletal structure 


c, d. Of the atoms with lone pairs (N and O), N is to the left in the periodic table, making it 
the most basic site. НСІ 15 an acid, which protonates the most basic site. 


f. № at Es 
Оо, а ОО, а, 


HO н 


2.34 a,b. Using periodic trends, the N-H bond of amphetamine is most acidic. NaH is a base that 
removes a proton on N. 


| 

№ y LE + 
АНИ: Ма H: = Na 
H Ch; \ H сн, + н, 


most acidic 


amphetamine 
skeletal structure 
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2.35 


2.36 


2.37 


2.38 


c. HCI protonates the lone pair on N. 
SNP А 
NH; на NH; ле o 


To draw the conjugate acid of a Brensted-Lowry base, add a proton to the base. 
* 


T * M H^. сньснымньсн 
m H möt d. CH3CH;NHCHs sCH2NH2CH; 
is B a .. М in 
b.:NH, ЗН NH, e. СНзОСН: CH3-O-CH; 
c. HCO3 HCO; f. CH.COO- СНзСООН 


To draw the conjugate base of a Brensted-Lowry acid, remove а proton from the acid. 


* + 
а. НСМ " СМ d. НСЕСН HCzC 
+ = 

b. Hco; CH... 604" e. CH4CH,COOH CH3CH;COO 

4 + _ 
с. (CH3)2NH2 (CH3)2NH f. CH3SO3H CH3SO3 
Use the definitions from Answer 2.2. 

+ — 
CH25-CH5 »- CH25- СНз CH2-7CH5 = CH=CH 
ethylene accepts a proton loses a proton 
conjugate acid conjugate base 


To draw the products of an acid—base reaction, transfer a proton from the acid (H5SO, in this 
case) to the base. 


grece .. n 
ÖH + наозон — = (976-8 + HSO, 


А + = 
b. NH, + H-OSO3;H = NH, + HSO, 
M 

+.. = 

С [бе + + H-OSO3;H ———- С > бењ * HSO, 
M | 
Н 

d. N—CH N-OSOH ——- CONT * HSO, 

[Же +? 2 v 3 “сн; 
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2.39 To draw the products of an acid-base reaction, transfer a proton from the acid to the base 


( OH in this case). 


ov 


jf + кои 


97 


а. o ou + кн - сњ бк + њо 


2.40 Label the Brensted-Lowry acid and Brensted—Lowry base in the starting materials and 
transfer a proton from the acid to the base for the products. 


o 


o 


a. снабун + TNH, CH30: + NH; 


acid base conjugate base conjugate acid 


б: А 
4 | i 
b. Онна ҮТҮ т0н === СЊСЊ-С _ +  HO-CH, 
acid '7 разе О: conjugate acid 


conjugate base 


c. CH&CH;-O-H + НВг: CHCH,-OcH + ‘Bre 


base acid у H А : 
conjugate acid conjugate base 


d. снс=с2 Ж йбн 


base acid conjugate acid conjugate base 


CH;C=CH + HO? 


2.41 Label the acid and base in the starting materials and then draw the products of proton transfer 
from acid to base. 


a a "m P 
РЕ e + Nat HCO; FC- . + HCO; 


acid 07 H base О: Ма 


b. сњ-сесон + Na*:NH; 
acid base 


СНз-С=С: ма“ + NH; 
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c. CH3s-N-H + СН 


base aci 
0" A 
C. 5 H—OSO3H = Cu + HSO4, 
d. — i “^ch у“ сни 4 
base acid 


Н сн» Н сн» 
cooM N COO" Ма“ 
a + Na*:OH + HO: 
' CHO Е CH30 
acid base 
ЕЕ 
Н CH2CH2NHCH3 Н CH;CH2NH;CHs 
Z A 2 - 
b. о— роб ња = [e CF, * Cl 
base acid 
2.43 Draw the products of proton transfer from acid to base. 
CF; CF; 
fe та in 
m + HLOCOCH; CHCH(CH3)NHCH,CH3 + ~OCOCH3 
Џ 


base acid H 


£. 3 + Е 
CH2C(CH3)2NH2 + раке CH2C(CH3)2NH3 + OCOCH3 


base acid 
2.44 To convert pK, to Ka, take the antilog of (—) the pKa. 


а. Њ8 b. CICH2COOH с. НСМ 
рКа = 7.0 pK, = 2.8 pK, = 9.1 
Ка= 1077 Ка = 1.6 x 1073 Ka =7.9 x 10710 


2.45 To convert from K, to pKa, take (—) the log ofthe Ka; pKa = -log Ka. 


+ + 
Р { сны, b. ox. c. CF4COOH 


Ka = 4.7 x 10719 Ka = 2.8 x 1079 К. = 5.9 x 10-1 
pK, = 9.3 pK, = 4.6 pK, = 0.23 
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2.46 An acid can be deprotonated by the conjugate base of any acid with a higher pKa. 


Base Conjugate acid pK, 
СНзСН>СН>СЕСН + 


H20 H30 —1.7 
рК. = 25 NaOH H20 15.7 
Any base having a conjugate NaNH2 NH3 38=— 
ccd wih a pka highertten МЫ NAS |S Nae Stong ough 
š А а | 3 
25 can deprotonate this acid. CHaLi CH, E to deprotonate the acid. 


2.47 ОН can deprotonate any acid with a pK, < 15.7. 


a. HCOOH b. H2S с. ( = d. CH3NH5 


рКа = 3.8 рКа = 7.0 pK, = 41 pK, = 40 
stronger acid stronger acid weaker acid weaker acid 
deprotonated deprotonated | | 


These acids are too weak to be 
deprotonated by “ОН. 


2.48 Draw the products and then compare the pK, of the acid on the left and the conjugate acid on 


the right. The equilibrium lies towards the side having the acid with a higher pK, 
(weaker acid). 


О: м О: и 
а. CF4-G /* Bone, = СЕз—С, _  HOCH;CH, products favored 


is О: pK, = 16 
pK, = 0.2 
Ps б: he 
b. шыш аы кы OF = CH4CH;- ©. "E. HCI: starting material favored 
un 0: Nat pK, =-7 
pK, = ~5 
+ - 
c.  (CHa)CGH + H-OSOH =” (CHs)sCQH2 + HSO, products favored 
pK, = -9 рК, = ~ –3 
_ er qu e 
d. Na" НСОз H2CO3 starting material favored 
pK, = 6.4 
pK, = 10 
E m = 
e. H-C=C-H + Li*CH,CH4 == н—С=С: Ш + СНЗСН3 
products favored 
pK, = 25 pK, = 50 
BE 


T * _ 
f CH3NH, + а а === CH3NH3 + HSO, products favored 


pK, =-9 pK, = 10.7 
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2.49 Compare element effects first and then resonance, hybridization, and electron-withdrawing 
groups to determine the relative strengths of the acids. 


a. Acidity increases across a row: f. increasing acidity: H2O < H5S < НС! 


NH; < Н2О < HF Compare НС! and SH bonds first: 
acidity increases across a row. 


Н-СІ is more acidic. 
b. Acidity increases down a column: 


HF < HCI < HBr Compare ОН and SH bonds: 
acidity increases down a column. 
SH is more acidic. 


9. CH3CH,CH3, CICH,CH,OH, CH4CH;OH 


| 


C. increasing acidity: "ОН < ЊО < H30 * 


d. increasing acidity: NH3 < H20 < H2S only C-H bonds O-H bond and O-H bond 
Compare NH and OH bonds first: weakest acid _— electron-withdrawing С! 
acidity increases across a row. strongest acid 
OH is more acidic. increasing acidity: CH3CH2CH3 < СНАСЊОН < CICH2CH;OH 
Then compare OH and SH bonds: h. HCZCCH;CH, CH3CH,CH2CH3 CH3;C=CCH3 
acidity increases down a column. 12 
SH is more acidic. 
sp C-H — all sp? C-H sp? C-H 
e. Acidity increases across a row: strongest acid weakest acid 


ОРДЕНА S CHINE s ОНОН increasing acidity: CH4CH2CH4CH4 < CH;CH=CHCH; < НС=ССН,СНз 


2.50 The strongest acid has the weakest conjugate base. 


a. Draw the conjugate acid. | d. Draw the conjugate acid. 
Increasing acidity of conjugate acids: Increasing acidity of conjugate acids: 
СНзСНз < CH3NH5 < CH30H 


increasing basicity: СНзО <CH3NH < CH3CH> V < (у оњањ < ФЕ 


b. Draw the conjugate acid. . А = 
Increasing acidity of conjugate acids: Increasing basiclty: 


oh | is à = C у- | C Y | к : 
А А Es = == C=C < CH=CH < CH;CH; 
increasing basicity: Вг < HO < СНз 


c. Draw the conjugate acid. 
Increasing acidity of conjugate acids: 
CH3CH20H < СНзСООН < CICH,COOH 


increasing basicity: CICH,COO <CH3;COO <CH3CH,0 - 


2.51 More electronegative atoms stabilize the conjugate base by an electron-withdrawing 
inductive effect, making the acid stronger. Thus, an O atom increases the acidity of an acid. 


+ и Nt 
NH2 о м 
| 


pK, = 11.1 The O atom makes this cation the stronger acid. 
pK, = 8.33 


2.52 In both molecules the OH proton is the most acidic Н. In addition, compare the percent 
s-character of the carbon atoms in each molecule. Nearby C's with a higher percent 
s-character can help to stabilize the conjugate base. 
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HC=CCO2H CH3CH2CO5H 
pK, = 1.8 pK, = 4.9 
The sp hybridized C's of the triple bond have a higher percent 
s-character than an sp? hybridized C, so they pull electron 
density towards them, stabilizing the conjugate base. 
stronger acid 
2.53 
„СНз О 
CH3CH;CH2-H СН2=С, pos The negative charge on O 
CH?—H СНз IR is good. This makes this 
resonance structure 
pK, = 50 рКа = 43 pK, = 19.2 especially good. 
conjugate base: 
= „СНз в сна :0: :0: 
CH4CH,CH; CH;2C  -——- :CH)-C. боло = с. 
= СН» "CH; сну СН? CH4^ *Сн» 


one Lewis structure 


C two resonance structures 
weakest acid 


negative charge delocalized 
on two carbons 


two resonance structures 
negative charge delocalized 
on one O and one C 
strongest acid 


2.54 То draw the conjugate acid, look for the most basic site and protonate it. To draw the 
conjugate base, look for the most acidic site and remove a proton. 
+ б. 25 .. m oo 
Oe — Оң — «Оз 
conjugate acid most basic site А most acidic proton conjugate base 
2.55 Estimate the pK, of В as 16. A difference of 10° in acidity is a difference of 5 pK, units. 
О О О 
а. n" b. J C. 
HO fe Д 
most acidic Н most acidic OH 
pK, - 5 pK, ~ 25 most acidic 


pK, ~ 16 
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2.56 Remove the most acidic proton to form the conjugate base. Protonate the most basic electron 
pair to form the conjugate acid. 


icd 4 
only О H bond most basic electron pair DON :O: 
a. most acidic proton b 
| | — OCH; 
ZOGU ncreasing basicity: 5 
—0— —N— 
ibuprofen | cocaine 
conjugate base: conjugate acid: — |, 4^ i 
Е ОСН}; 
COO . 
o 
:0: 
2.57 Compare the isomers. 
о 
dimethyl ether СНУ’ “СНз СНзСН>ОН ethanol 
All H's are on C. One O-H bond 


O-H bonds are more acidic 
than С-Н bonds. 


more acidic 


2.58 Compare the Lewis structures of the conjugate bases when each H is removed. The more 
stable base makes the proton more acidic. 


с В " 


pp UR — in. 


ОН H :OH H под H 
more acidic proton 


H The negative charge on N is 
| stabilized by resonance. 


H 
| 
не т This conjugate base is more 
:0: :0: > R stable, so it is formed by 
v О N ——— idi С N removal of the more acidic H. 
ҮС ҮС 


он H :OH 
В no resonance stabilization 


| idi t 
В. formed from the weaker acid 
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2.59 Draw the conjugate base to determine the most acidic hydrogen. 


:0: © > Ot 
H H H H 


Resonance stabilization of the conjugate base resonance-stabilized conjugate base 
makes this the most acidic proton. 
In Appendix A, the closest compound for 
comparison is CH3CO;CH5CHs with a pK, of 
24.5; therefore, the estimated pK, of ethyl 
butanoate is 25. 


2.60 Look at the element bonded to the acidic H and decide its acidity based on the periodic 


trends. Farther to the right across a row and down a column of the periodic table is 
more acidic. 


OH -—- most acidic 


a. dh. d d b. c. € F 
COH о О NH 

| И { Ly | CH4O 
most acidic О 


most acidic 
The molecule contains C-H and O-H The molecule contains C-H and N-H The molecule contains C-H, М-Н, 
bonds. O is farther right in the bonds. N is farther right in the and O-H bonds. О is farthest right in 
periodic table; therefore, the О-Н periodic table; therefore, the М-Н the periodic table; therefore, the O-H 
hydrogen is the most acidic. hydrogen is the most acidic. hydrogen is the most acidic. 


2.61 Use element effects, inductive effects, and resonance to determine which protons are the 
most acidic. The H’s of the CH; group are least acidic since they are bonded to an sp? 
hybridized C and the conjugate base formed by their removal is not resonance stabilized. 


О 
lactic acid pud 
OH Both O-H protons [(b) and (c)] are more acidic than the С-Н proton 
H OH (a) by the element effect. The most acidic proton has added 
| [| resonance stabilization when it is removed, making its conjugate 
base the most stable. 
a 
О о: 
: ees resonance stabilization 
conjugate base О: = О: negative charge оп О in both resonance structures 
by loss of (c): H :oH H :oH This makes (c) most acidic. 
:0: 
conjugate base Ун no resonance stabilization, but 
by loss of (b): н 5: Е negative charge оп О, an electronegative atom 
:0: a 


:0: 
This conjugate base has two 
2~OH resonance structures, but one 


:OH " places a negative charge on C. 


conjugate base gs 
by loss of (a): ки 5 
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2.62 Lewis bases are electron pair donors: they contain a lone pair or a t bond. Brensted— 


Lowry bases are proton acceptors: to accept a proton they need a lone pair or a x bond. 
This means Lewis bases are also Brensted-Lowry bases. 


iis lone pairs on O 
a ete, both c. O d. © 


b. — CHs-Cl:-— lone pairs on СІ neither - no lone pairs п bonds 
7 both or x bond both 


2.63 A Lewis acid is an electron pair acceptor and usually contains a proton or an unfilled 
valence shell of electrons. A Brensted—Lowry acid is a proton donor and must contain a 
hydrogen atom. АП Brensted—Lowry acids are Lewis acids, though the reverse may not be 


true. 
a. НзО* ь ChC* c. ВС d. ВЕ 
both Lewis acid Lewis acid neither 
contains a H unfilled valence unfilled valence no H or unfilled 


shell on C shell on B valence shell 


2.64 Label the Lewis acid and Lewis base and then draw the products. 


oY e „9: :0: 
a. :C + ве — ——-  с-в5а с. “бш ATOH ——- снб: 
| MER l | СНУ АС ^ dc new bond 
Lewis base Lewis acid Cl Lewis base РОН 
new bond Lewis acid 
CH3 /@ N CH, СНз - 
\ \ 
"a í AMA d CHÍ GEN. у 
з. з еміѕ асі РЕТ 
Lewis base 


2.65 А Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile 


other than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the 
starting materials and then draw the products. 


£x “BF + 
а. CHgCH,OH + ВР; 73 aM ON OH, 
nucleophile electrophile пе eee d. С) + Но Cy 
nucleophile 
electrophile 
[N "ACl; 


b.  CHsSCH3 + АСБ —— — oy, сн, AER ~ 


nucleophile electrophile 


e.:Br-Br: * FeBr3 ~:Br Br Fe Br 
n № CH | — nucleophile — electrophile Br 
с. С=О + ВЕз С=О—ВЕ» 
CH3 CH3 


nucleophile electrophile 
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2.66 Draw the product of each reaction. 


CH,CH CHCH CH,CH CH;CH 
ioa а [ы 3 a N ga 3 
а. Снн: + ЊО = CH3CH2-C- OH} d. CHsCH2—C + МН. CH;CH2-C-NH3 
CH2CH3 CH2CH3 CH2CH3 CH2CH3 
CH,CH CHCH, CH CH,CH CHCH; CH 
i cam 3* 25 3 Wage om" 3- 201 3 
b. CHgCHp—C + СНОН > CH4CH; C OH e. СНСЊ—С + (CH3)2NH = CH3CH;- C—NHCH3 
CH,CH3 CH,CH3 CH,CH3 CH CH 
ae CHCH CH; 
c. CH;CH;-C* + (СНО ~ CH.CH;-C о СН 
CH,CH3 CH,CH 
2.67 
nucleophile 


би N „Он | Вг 
" p MC proton transfer ^oc pa 


electrophile 


— ^^ Br 
b. C e proton transfer Q " :ВЕ CY 


electrophile 


+ ЊО: 


nucleophile 


А е 2: 
с. CY + Br Gs +:Br proton transfer CY + HBr 
н | H H 


nucleophile electrophile 


2.68 Draw the products of each reaction. In part (a), OH pulls off a proton and thus acts as a 
Brensted-Lowry base. In part (b), OH attacks a carbon and thus acts as a Lewis base. 


umm 


H20: + CH=C(CH3)2 b. ОН + (CH3)3C* (CH3)3COH 


2.69 Answer each question about esmolol. 
most acidic 


Esmolol contains C-H, М-Н, and O-H bonds. 


OH 
H 
a. eue Since acidity increases across a row of the 


periodic table, the OH bond is most acidic. 
CH40 


О esmolol 


T Nat 7 
H H 
b. ban d Na* H: Бая 

CH4O CH30 + № 
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:0—H Р ^ он HH 
\/ 
G: IN Н— СЕ 54 2 
CH30 I „7 СНзО + :СЕ 
о О 
| OH 
d,e,f. S | о A All sp? C's are indicated with an arrow. 
* * * The N is the only trigonal pyramidal atom. 
CH30 | ; D == The 8" C's are indicated with a (*). 
о | 
2.70 
n 

" H + .. п + 
N N N N 
H H H " H H 

P Q 

pK, = 11.1 weaker base pK, = 1.2 
much lower pK, 
much stronger acid 
The four CH3 groups near the electron pair make it difficult 
to donate that electron pair to a proton. This makes the 
conjugate base of Q much weaker, and Q a stronger acid. 
2.71 


[1] — no additional stabilization 
N NS 
CNET) H 
< N} п H 
| H N+ N 
2 — ар 
N N 
N y 


or 
ZN 
" CY 


more basic N resonance-stabilized cation 


Path [2] is favored because a resonance-stabilized conjugate acid is formed. The N that is 
part of the C=N is therefore more basic. 

2.72 Draw the product of protonation of either O or N and compare the conjugate acids. When 
acetamide reacts with an acid, the O atom is protonated because it results in a resonance- 
stabilized conjugate acid. 


‚Ден АН resonance stabilization of the + charge 
:0 He] ; Р 
| LT Tu. | О is more readily protonated 
protonate O CH РАТ сн н because the product is 
О: С р у Б resonance stabilized. 
Cus 
P insi. . 
СНУ МН?  protonateN у 
и С. + no other resonance structure 


acetamide CH4^ ^NH 
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M ХД 
p«-286 7065) O 


О О 


6" stabilizes the (—) charge 
of the conjugate base. 


pK, = 5.70 


The nearby COOH group serves 
as an electron-withdrawing group to 
stabilize the negative charge. This 
makes the first proton more acidic 


Acids and Bases 2—25 


о а“ 
-0 To o 
T wer 


This group destabilizes the 
second negative charge. 


COO now acts as an electron-donor group 
which destabilizes the conjugate base, 
making removal of the second proton more 
difficult and thus it is less acidic than СНАСООН. 


О 


// 


" 
~ NH,CH;-C 


zwitterion form 


than СНзСООН. 
2.74 The COOH group of glycine gives up a proton to the basic NH» group to form the zwitterion. 
О 
E 7 proton transfer 
а acts as abase ——- NH,CH, e 
OH = acts as an acid O- 
glycine 
T P Ма + P 
b.  МНСН2-С / мнасњ-с + CI- 
:0: :OH 
most basie site 
О 4A O i 
+ Na* :OH D Я 
с. H NH; CH; с, > МСН: С, в + Nat + H20: 
I Бе о 
most acidic site 
2.75  Usecurved arrows to show how the reaction occurs. 


o :0: 
[2] e 9 + зон 
AL don H 


Protonate the negative charge on this carbon to form the product. 
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2.76 Compare the OH bonds in vitamin C and decide which one is the most acidic. 


OH 
HO О О 
vitamin C 
This is the most acidic proton == ascorbic acid 

since the conjugate Базе $ ——— * HO OH 
most resonance stabilized. 

loss of H* 

OH OH 


OH 
HO бо: HO о. Co: HO O. Or 
Ll YE P == ) 
zi 
О: ОН :0 :OH О :OH 


The most delocalized anion 
with 3 resonance structures. 


Removal of either 
of these H's does not 
give a resonance- 


stabilized anion. 
OH OH 
HO O. o loss of H* Per HO 
ES KE NU 
HO 20: 


only 2 resonance structures 


This proton is less acidic since its conjugate base is less 
resonance stabilized. 


2.77 


:О: :0: 


M 
$ 
:OH 
~ + 
PAS H Pe ван Ы а 
N 


only a minor contributor to 
the hybrid because of 
charges | 


less resonance stabilized than N 
pu 
OCH3 


N has two resonance structures with the same number of bonds and charges, so both contribute 
approximately equally to the hybrid. This makes N more resonance stabilized than its conjugate 
base, and less willing to give up a proton than M, which has no similar resonance stabilization. 
Thus M is a stronger acid than N. (Resonance structures that break the C=O bond are not drawn 
in this solution, since they are possible for each compound.) 
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Chapter 3 Introduction to Organic Molecules and Functional Groups 


Chapter Review 


Types of intermolecular forces (3.3) 


Type of Cause Examples 
force 
van der Due to the interaction of temporary dipoles АП organic 
" Waals e Larger surface area, stronger forces compounds 
E (VDW) e Larger, more polarizable atoms, stronger 
8 forces 
2 dipole-dipole Due to the interaction of permanent dipoles (CH3),C=O, НО 
© (DD) 
5 hydrogen Due to the electrostatic interaction of aH atom ЊО 
E bonding (HB in an О-Н, М-Н, or Н-Е bond with another М, 
or H-bonding) О, or F atom. 
ion—ion Due to the interaction of two ions NaCl, LiF 
Physical properties 
Property Observation 
Boiling For compounds of comparable molecular weight, the stronger the forces the 
point higher the bp. 
(3.4A) CH3CH2CH2CH2CH3 CH3CH,CH,CHO CH3CH2CH»CH,OH 
VDW VDW, DD VDW, DD, HB 
MW = 72 MW = 72 MW = 74 
bp = 36 °C bp = 76 °C bp = 118 °C 


хх 
Increasing strength of intermolecular forces 
Increasing boiling point 


For compounds with similar functional groups, the larger the surface area, the 
higher the bp. 
CH3CH2CH2CH3 CH3CH2CH2CH2CH3 
bp =0°C bp = 36°C 
aE 
Increasing surface area 
Increasing boiling point 


For compounds with similar functional groups, the more polarizable the atoms, 
the higher the bp. 
CH3F сна 
bp = -78 °С bp = 42 °С 
С 


Increasing polarizability 
Increasing boiling point 
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Property Observation 
Melting |e For compounds of comparable molecular weight, the stronger the forces the 
point higher the mp. 
(3.4B) 
CH3CH2CH2CH2CH3 CH3CH;CH;CHO CH3CH2CH2CH2OH 
VDW VDW, DD VDW, DD, HB 
MW = 72 MW = 72 MW = 74 
mp = -130 °C mp = -96 °C mp = -90 °С 
—————————————————— M À 
Increasing strength of intermolecular forces 
Increasing melting point 
e For compounds with similar functional groups, the more symmetrical the 
compound, the higher the mp. 
CH3CH2CH(CH3)2 (CH3)4C 
mp = -160 ?C mp = -17 °С 
n 
Increasing symmetry 
Increasing melting point 
Solubility | Types of water-soluble compounds: 
(3.4C) e [опіс compounds 
e Organic compounds having < 5 C's, and an O or N atom for hydrogen bonding 
(for a compound with one functional group). 
Types of compounds soluble in organic solvents: 
e Organic compounds regardless of size or functional group. 
e Examples: 
pes а, 
00" 
~“ = —€———— 
utane H-O H-O 
Key: VDW = van der Waals, DD = dipole-dipole, НВ = hydrogen bonding 
MW = molecular weight 
Reactivity (3.8) 


e Nucleophiles react with electrophiles. 
e  Electronegative heteroatoms create electrophilic carbon atoms, which tend to react with nucleophiles. 
e Lone pairs and л bonds are nucleophilic sites that tend to react with electrophiles. 


+> 
CHCH, -CI 


$+ 


СНз 


.. 
сн,-б-сн. сна-№-Снз 


L 


| | 
electrophilic siis basic and nucleophilic site 
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Practice Test on Chapter Review 


l.a. Which of the following compounds exhibits dipole-dipole interactions? 


1. Cl—C—Cl 4. Compounds (1) and (2) both exhibit dipoleGdipole interactions. 


5. Compounds (1), (2), and (3) all exhibit dipoleGdipole interactions. 
2. CH3—O—CHs 


3. CHs$CH;CH;— OH 
b. Which of the following compounds can hydrogen bond to both another molecule like itself and 


to water? 


О 
a )—CH;CH;OCH; 4. Compounds (1) and (2) can each hydrogen bond to 
о another molecule like itself and water. 


2. NH 
C) 5. Each of the three compounds, (1), (2), and (3), can 


А hydrogen bond to another molecule like itself and to water. 
8. CH3C=N 


c. Which of the following compounds has the highest boiling point? 


1. CHSCH;CH;OCH;CH; 4. (CH3)2>CHCH(CH;)NH> 
2. CH((CH;,CH; 5. (CH3);CHCH(CH3); 
3. CH(CH24NH; 


d. Which statement(s) 1s (are) true about the following compounds? 


1. The boiling point of A is higher than the 


FOO Sup S ue di d. boiling point of B. 
2. The melting point of B is higher than the 


melting point of C. 


3. The boiling point of A is higher than the 
boiling point of D. 
4. Statements (1) and (2) are both true. 


5. Statements (1), (2), and (3) are all true. 


2. Consider the anti-hypertensive agent atenolol drawn below. 
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What is the hybridization of the N atom labeled with A? 
What 1s the shape around the C atom labeled with F? 

What orbitals are used to form the bond labeled with E? 
Which bond (B, C, or D) is the longest bond? 

Would you predict atenolol to be soluble in water? 

Which of the labeled Н atoms (Ha, Нь, or He) is most acidic? 


љоро сь 


Answers to Practice Test 
[.а.5  2asp 
„2 b. trigonal planar 
.3 с. Co2- Cs 
LS d.D 
e. yes 
f. Hy 


сос? 


Answers to Problems 


3.1 
ÁN 
4, Н—ОЗОЗН M - H5SO 
CH3CH; - OH э, CH3CH?-OH, + HSO, CHCH, 224. no reaction 
24, Nat Hi uL a | 
CH3CH?-O-H CH&CH?-O: Ма" + H2 СНзСНз no reaction 
3.2 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 
alkene 
alkene 
(double bond) (double bond) 
HO,, CO;H ether - O,, | CO2CH2CH3 
carboxylic acid N ~ ester 
он | H № 
mer shikimic acid amide | oseltamivir 
aiconols | 
(hydroxy groups) mne 
3.3 One possible structure for each functional group: 
o О О 9 


|| il || Д 
i C Cy 
a. aldehyde = Roy — CH4CH,CH; ^H c. carboxylic acid = ве “^он ——- СН3СН›СН `OH 


о О О о 


И И R И 


- C po 
b. ketone = g сну ~CH,CH, d. ester = R О ——- сносно 
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3.4 One possible structure for each description: 


О О 
И | 


C. C. 
а. CsH100 CH,CH;CH;CH;7 ^H — CH4CH;CHz^ СОН» 


aldehyde ketone 
o H О 
ketone Е. E ketone — " ? 
b. CeH100 — cu. cuy ^ cA CH, CH4CHg ^C^ “S07 
| NG "i \ / | 
п alkene H 


alkene 


3.5 Summary of forces: 

АП compounds exhibit van der Waals forces (VDW). 

Polar molecules have dipole-dipole forces (DD). 

e Hydrogen bonding (H-bonding) can occur only when а H is bonded to an О, М, or F. 


a. C. (СНзСН2)3М e. CH3CH;CH2COOH 
* only nonpolar C-C * VDW forces * VDW forces 
and C-H bonds * polar C-N bonds – DD * polar C-O bonds 
* VDW only • по Ноп М so and a net dipole – DD 
no H-bonding * H bonded to О – 
H-bonding 
О 
b. < | d. СН›=СНС! f. CH3-C=C—CH3 
• VDW forces * VDW forces * only nonpolar С-Н and 
* 2 polar C-O bonds * polar С-СІ bond – DD C-C bonds 
and a net dipole – DD * VDW only 
* no H on O so 
no H-bonding 


3.6 One principle governs boiling point: 
e Stronger intermolecular forces — higher bp. 
Increasing intermolecular forces: van der Waals « dipole-dipole « hydrogen bonding 


Two factors affect the strength of van der Waals forces, and thus affect bp: 
e Increasing surface area = increasing bp. 
Longer molecules have a larger surface area. Any branching decreases the surface area 
of a molecule. 
e Increasing polarizability = increasing bp. 
а. (CH3);C-CH; or (СНз)›С=О с. СНз(СН,) СНз or СН(СН>)5СНз 


| | 


only VDW VDW and DD longer molecule, more surface area 


polar, stronger intermolecular forces higher boiling point 


higher boiling point 


b. CH3CH;COOH or CH3COOCH3 d. СН=СНСІ ог СН›=СН 
... по H-bonding Iis more polarizable. 
VDW, DD, and H-bonding higher boiling point 


stronger intermolecular forces 
higher boiling point 
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3.7 Increasing intermolecular forces: van der Waals « dipole-dipole « hydrogen bonding 


2 0 
pon 2С. -CH3 
СНАСНо NH2 H N 
М-Н bonds allow for hydrogen bonding. no hydrogen bonding 
stronger intermolecular forces weaker intermolecular forces 


higher boiling point 


3.8 


аа `` gr № b. ds or gem 


more polar 

stronger intermolecular forces more spherical 
(H-bonding) packs better 
higher mp higher mp 


3.9 Compare the intermolecular forces to explain why sodium acetate has a higher melting point 
than acetic acid. 


0 9 
С С 
CH4^ СОН CH; ^O- Ма* 
acetic acid sodium acetate 
a. VDW, DD, and H-bonding a. VDW, DD, ionic bonds 
b. not ionic, lower melting point b. lonic bonds are the strongest: higher melting point. 


3.10 A compound is water soluble if it is ionic or if it has an О or N atom and < 5 C's. 


a. СНзСН>ОСН>СНз b. CH3CH2CH5CH5CHs; C. (CH3CH2CH5CH5)5N 
an O atom that nonpolar an N atom that can 
can H-bond with water not water soluble H-bond to ЊО, but 
€ 5 C's >5C's 
water soluble not water soluble 


3.11 Hydrophobic portions will primarily be hydrocarbon chains. Hydrophilic portions will be polar. 


Circled regions are hydrophilic because they are polar. 
All other regions are hydrophobic since they have only C and H. 


| arachidonic acid 
norethindrone 
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3.12 Like dissolves like. 
• To be soluble in water, a molecule must be ionic, or have a polar functional group capable 
of H-bonding for every 5 C's. 
e Organic compounds are generally soluble in organic solvents regardless of size or 


functional group. 
nonpolar 
long hydrocarbon chain 


= СС? 


а. | b. 
27 
№ polar 
vitamin Ba nonpolar vitamin К. 
(niacin) (phylloquinone) 
soluble in water due to soluble in organic solvents 
two polar functional groups two polar C—O bonds but the 
and only 6 C's in the molecule compound has > 10 C's 
water insoluble 
3.13 a. 
alcohol OH H 
N OH 
хор т 
о ~ ide © carboxylic acid 


b. The amide, carboxylic acid, and both alcohols can all hydrogen bond with water. 
c. Since pantothenic acid has only nine carbons with four functional groups that can hydrogen 
bond, pantothenic acid 15 a water-soluble vitamin. 


3.14 A soap contains both a long hydrocarbon chain and a carboxylic acid salt. 


ionic salt ionic salt 
a. CH3CO4 Ма“ b. CH3(CH2)44CO2 Na* C. СН(СН2)2СООН d. CH3(CH2)gCO2 Ма“ 
short chain long chain no salt long chain 
carboxylic acid salt This is a soap because it contains This is a soap because it contains 
both a long chain and a carboxylic both a long chain and a carboxylic 
acid salt. acid salt. 


3.15 Detergents have a polar head consisting of oppositely charged ions, and a nonpolar tail 
consisting of C-C and C-H bonds, just like soaps do. Detergents clean by having the 
hydrophobic ends of molecules surround grease, while the hydrophilic portion of the 
molecule interacts with the polar solvent (usually water). 
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a detergent 
А, Na* 
| : polar head 
nonpolar tail ionic — hydrophilic 
. hydrophobic | This end interacts with the water solvent 
This end interacts with {о maintain the micelle's solubility in water. 
the grease to dissolve it. 
3.16 
amide ester amide 
ester 

ether | th esrar 

ester еше 91 о 
а д. he 
NE О О 
е Я И Ir 
О o [| PET 
b а О amide 
o HN О IT" 
(о) P о ој |H О О 
М О 
fe] | o МЕ [© tN 
ide \ 
ether ether amı о H 
ester 
ester ester | ester 
amide amide 
nonactin valinomycin 


3.17 Because the interior of a cell membrane is nonpolar, aspirin crosses a cell membrane as a 
neutral carboxylic acid, by the general rule *Like dissolves like." 


3.18 Electronegative heteroatoms like М, О, or X make a carbon atom an e/ectrophile. 
A lone pair on a heteroatom makes it basic and nucleophilic. 
Pi (л) bonds create nucleophilic sites and are more easily broken than o bonds. 


nucleophilic electrophilic nucleophilic nucleophilic 


а С | 
i OF | | C) Wi 


C bonded to Br ili 
electrophilic nucleophilic electrophilic 
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3.19 Electrophiles and nucleophiles react with each other. 


a. СНзСН›-—Вг * 


electrophile nucleophile 


b. СНз-С=С-СНз + Br — NO 


nucleophile nucleophile 


aromatic ring 
HN 


/ N 


carboxylic acid 


PS alkene 


aromatic ring 


м 


* 


о—Сн» 


three ethers 
Electrophilic carbons are labeled with (*). 


aldehyde 
*С P di 


alkene н” "Oo 


The most electrophilic C is labeled with *. 


d. 


D 
Ce. = PEN 
“| а + | YES 
electrophile nucleophile 
CH;-C=C-CH, + Br + YES 
nucleophile electrophile 
b,c * 
H 
N * OCH; 
НГ = N * 
H O* 
Ox 
*O 
H 


H's that are boxed in can hydrogen bond to О of H20. 
Atoms labeled with (*) can hydrogen bond to Н of H20. 


b. HOCH; 


HOCH; 
CH4OH 
Three OH's allow for H-bonding. 


Stronger intermolecular forces mean 
a higher bp and mp. 


OH 


This isomer has an OH, more opportunities 
for H-bonding (through both O and H 
atoms), and so probably more H20 soluble. 
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3.23 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 


amide 
.,— aromatic rings mE aromatic ring 
aromatic ring | amide sulfide 
О | 5 

а. CH; HO < CH3 

e] c. - / \ © L м] Иен 
CH3CH,CO,—C "nm 3 

Vi iN E carboxylic acid м СООН 

ester CH2N(CH3)2 ibuprofen penicillin G | 
Darvon ‘amine carboxylic acid 


NH» -— amine 


alkene 
mol ZA 


F у” ER 


alkene” | | О o 
carboxylic acid г му асла alkene ^ ester | 
pregabalin histrionicotoxin i опе 
pyrethrin I 
3.24 
bib 
он Свон CH3~C—OH 
CH3—CH-CHz-CH3 = CH3CH,CH,CH,—OH CH3—CH-CH3 СНз 
alcohol alcohol alcohol alcohol 


CH3 
Ц 
CH4CH;-0- CH;CH; CH,-O-CH—CH4 | CH;-O-CH,CH,CH, 
ether ether ether 
3.25 Acyclic ester is called a lactone. A cyclic amide is called a lactam. 


О 
[9] 


amine ether ester amide 
lactone lactam 


3.26 Draw the constitutional isomers and identify the functional groups. 


Wi ketone s^ J aldehyde = aldehyde ES 
OH và но ~ H OH H p 


carboxylic acid { | 


ether 
соо ester alcohol 
aldehyde 49 p 
H и оќ 
alcohol — OH | 
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3.27 Use the rules from Answer 3.5. 


О о 
Ss 
OCH 
a ? i on | á | Б 
2 
М 


VDW VDW VDW VDW 
dipole-dipole dipole-dipole dipole-dipole no dipole-dipole 
H-bonding (O-H bond) по H-bonding (по О-Н bond) по H-bonding (no N-H bond) (nonpolar C-C, С-Н bonds) 
no H-bonding (no O, N, F) 


3.28 Increasing intermolecular forces: van der Waals « dipole-dipole « H-bonding 


a. increasing intermolecular forces: c. increasing intermolecular forces: 
СНзСНз < CH3Cl < CH3NH; 


| 


(СНз)>С=С(СНз)> < (СНз)>СНСОСН: < (CH3)2>CHCOOH 


VDW VDW VDW VDW VDW 
dipole-dipole dipole-dipole dipole-dipole di bis ala 
H-bonding опа 
b. increasing intermolecular forces: d. increasing intermolecular forces: 9 

Сааса ААЫА СНЗСІ < СНОН < NaCl 

Increasing polarizability | | | 
stronger intermolecular forces VDW VDW ionic 
dipole-dipole dipole—dipole 
H-bonding 
3.29 
== m hydrogen bonding between 
CH3— o 4 3 two acetic acid molecules 


3.30 A = VDW forces; В = H-bonding; С = ion-ion interactions; D = H-bonding; E = H-bonding; 
Е = VDW forces. 
3.31 


a. ud d СҮ CY УУ “он 


о 
aldehyde ketone ether alcohol 


b. The alcohol is the highest boiling since it 15 the only isomer that can hydrogen bond with 
another molecule like itself. 


3.32 Use the principles from Answer 3.6. 


a. CH3(CH2), —I CH3(CH2)s —I CH3(CH2)g—1 


—————————————————————————————————— 
Increasing size, increasing surface area, increasing boiling point 
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b. CH3CH5CH;CHs; < (CH3)3N < CH3CH2CH2NH2 


VDW VDW VDW 
dipole—dipole dipole—dipole 
H-bonding 


eS M8 
Increasing boiling point 


с. (СНз)зСОС(СНз)з < CH3(CH2)30(CH2)3CH3 < CH3(CH2)7OH 


VDW VDW VDW 
dipole—dipole dipole—dipole dipole—dipole 
smaller surface area larger surface area H-bonding 
highest bp 


na 
Increasing boiling point 


d. Yl wy са <x Br < «У Хоң < РИК ОН 


VDW VDW VDW VDW 
dipole—dipole dipole-dipole dipole—dipole 
H-bonding H-bonding 


larger surface area 


Increasing boiling point 


e. p p | di d « [NNN 
smallest surface area largest surface area 
most branching 


Increasing boiling point 


О OH 
f. A < | ) < 
VDW VDW . VDW 
dipole-dipole ^ dipole-dipole 
H-bonding 


Increasing boiling point 


3.33 In CH3;3CH2NHCHs;, there is а М-Н bond so the molecules exhibit intermolecular hydrogen 
bonding, whereas in (CH3)3N the М is bonded only to C, so there is no hydrogen bonding. 
The hydrogen bonding in CH3CH2NHCH3 makes it have much stronger intermolecular 
forces than (CH3);N. As intermolecular forces increase, the boiling point of a molecule of 
the same molecular weight increases. 


3.34 Stronger forces, higher mp. 


CH; o СН OH 
- A" * oon 


menthone menthol 
VDW VDW 
dipole-dipole dipole-dipole 
lower melting point H-bonding 
stronger forces 


higher melting point 
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3.35 Stronger forces, higher mp. More symmetrical compounds, higher mp. 


a. (CH3)3CH < (CH44C-O < (CH3),CHOH CH; Cl NH3 
VDW VDW VDW c. CY < Cy < Cy 
DD DD 
VDW 


H-bonding 


VDW VDW 
Increasing intermolecular forces DD DD 
i H-bonding 


Increasing melting point 2, 
Increasing intermolecular forces 


b. СНЕ < CH4Cl < CHI | : : 
Increasing melting point 


Increasing polarizability 
— 
Increasing melting point 


3.36 
—119 °C —118 °C —91 °C -25°C 
| not symmetrical not symmetrical | symmetrical most spherical 
higher mp highest mp 
In both compounds the СНз group dangling Тһіѕ molecule can pack somewhat better This compound 
from the chain makes packing in the solid since it has no СНз group dangling packs the best 
difficult, so the mp is low. from the chain, so the mp is somewhat since it is the 
higher. It also has the most surface area most spherical in 
and this increases VDW forces compared shape, increasing 
to the first two compounds. its mp. 


3.37  Boiling point is determined solely by the strength of the intermolecular forces. Since 
benzene has a smaller size, it has less surface area and weaker VDW interactions and 
therefore a lower boiling point than toluene. The increased melting point for benzene can be 
explained by symmetry: benzene is much more symmetrical than toluene. More symmetrical 
molecules can pack more tightly together, increasing their melting point. Symmetry has no 
effect on boiling point. 


benzene CH, toluene 
© bp = 80 °C and Cy bp = 111 °C 
mp = 5 °C mp = -93 °C 
very symmetrical less symmetrical 
closer packing in solid form lower mp 


higher mp 
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3.38 Increasing polarity — increasing water solubility. 


Neither compound is very H20 soluble. 


ICH,CH;CH;CHs < (CH3)3CH ЈЕ CH30CH2CH3 < CH3CH2CH20H 


a. 
VDW VDW VDW VDW 
more spherical DD DD 
(This nonpolar, hydrophobic H-bonding 


molecule is more compact, 
making it more water soluble than its 
straight-chain isomer, drawn to the left.) 


RI ME [= [= 


polar _ polar polar and 
no H-bonding H-bonding to Њ0, H-bonding 
not itself More opportunities 


for H-bonding with its 
O atom and its H on O. 


3.39 Look for two things: 
e To H-bond to another molecule like itself, the molecule must contain а H bonded to О, М, or Е. 


e To H-bond with water, a molecule needs only to contain an O, N, or F. 


Each of these molecules can H-bond to another These molecules can H-bond with water. All of 

molecule like itself. Both compounds have these molecules have an O or N atom. 

М-Н bonds. b. СНЗМНЬ, c. СНЗОСН., d. (CH3CH3)SN, 
b. CH3NH5, e. CH3CH5CH2CONH5 e. CH3CH2CH2CONH,, g. CH3SOCHs3, 


h. CH3CH2COOCH; 


3.40 Draw the molecules in question and look at the intermolecular forces involved. 


no H bonded to O pw ан: 
ib. d. on hydrogen bonding 
diethyl ether 1-butanol 
VDW forces VDW forces 
dipole-dipole forces 


dipole-dipole forces H-bonding 


* Both have < 5 C's and an electronegative О atom, so they can H-bond to water, 


making them soluble in water. 
* Only 1-butanol can H-bond to another molecule life itself, and this increases its boiling point. 
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3.41 Use the solubility rule from Answer 3.12. 


CH 
3-N N 
a. | 2 
O^ ^N N 
caffeine 


many polar bonds with N and O atoms 
many opportunities for H-bonding 
water soluble 


OH 


mestranol 
CH30 
2 polar functional groups 
but > 10 C's 
not water soluble 


OH 
HO OH 


HO OH OH 


sucrose 
many polar bonds with O 
11 O's and 12 C's 
many opportunities for H-bonding with H2O 
water soluble 


OH 
4 E — x 


carotatoxin 
1 polar functional group 
but > 10 C's 
not water soluble 


3.42 Water solubility is determined by polarity. Polar molecules are soluble in water, while 
nonpolar molecules are soluble in organic solvents. 


Arrows indicate polar functional groups. 


CH о 
3 CH3 сн, CH; 


vitamin E 
only 2 polar functional groups 


many nonpolar C-C апа С-Н bonds (29 C's) 


soluble in organic solvents 
insoluble in HO 


3.43 


soluble. 


CH3 


———N* `ch; 


pyridoxine 
vitamin Bg 
many polar bonds and few nonpolar bonds 
soluble in H20 
It is also soluble in organic solvents since it 
is organic, but is probably more soluble т НО. 


Compare the functional groups in the two components of sunscreen. Dioxybenzone will most 
likely be washed off in water because it contains two hydroxy groups and is more water 


о о OH O OH 
QOL | р осн; 


avobenzone 
two ketones 
one ether 


dioxybenzone 
two hydroxy groups 
one ketone 
one ether 
more water soluble 
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3.44 Because of the О atoms, PEG is capable of hydrogen bonding with water, which makes PEG 
water soluble and suitable for a product like shampoo. PVC cannot hydrogen bond to water, 
so PVC 15 water insoluble, even though it has many polar bonds. Since PVC is water 
insoluble, it can be used to transport and hold water. 


LH 
9 


H-bond = 
рит а помена 
CI CI CI CI 
poly(ethylene glycol) poly(vinyl chloride) 
PEG PVC 


no H-bonding 


water soluble water insoluble 


3.45 Molecules that dissolve in water are readily excreted from the body in urine, whereas less 
polar molecules that dissolve in organic solvents are soluble in fatty tissue and are retained 
for longer periods. Compare the solubility properties of THC and ethanol to determine why 


drug screenings can detect THC and not ethanol weeks after introduction to the body. 
CH; 


EI 
© CHCH; — ÒH 
(CH2)4CH3 


єн» ox ethanol 
CH3 
tetrahydrocannabinol 
THC 
THC has relatively few polar Ethanol has 1 О atom and 
bonds compared to the number only 2 C's, making it 
of nonpolar bonds, making it soluble in water. 


soluble in organic solvents 
and therefore soluble in fatty tissue. 


Due to their solubilities, THC is retained much longer in the fatty tissue of the body, being 
slowly excreted over many weeks, while ethanol is excreted rapidly in urine after ingestion. 


3.46 Compare the intermolecular forces of crack and cocaine hydrochloride. Stronger 
intermolecular forces increase both the boiling point and the water solubility. 


CH ionic bond CH 
м 3 E = № 3 
COOCH; Cl COOCH; 
О 
2 2 
050” о-с^ 
"о ae 

cocaine (crack) cocaine hydrochloride 


neutral organic molecule a salt 
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The molecules are identical except for the ionic bond in cocaine hydrochloride. Ionic forces 
are extremely strong forces, and therefore the cocaine hydrochloride salt has a much higher 
boiling point and is more water soluble. Since the salt is highly water soluble, it can be 
injected directly into the bloodstream, where it dissolves. Crack is smoked because it can 
dissolve in the organic tissues of the nasal passages and lungs. 


A laundry detergent must have both a highly polar end of the molecule and a nonpolar end of 
the molecule. The polar end will interact with water, while the nonpolar end surrounds the 
grease or other organic material. 


H-O-H H-O-H 


a. ММММ )-дон,сн,о ve CH CH, Ó-H 


| | 
| 


polar 
nonpolar interacts with water 
interacts with organic material by H-bonding at all O atoms, 
as well as H's bonded to O's. 


H 
BE | 
„O 


H-0-H, ‚ ÇH2CH;d- BW qi 


b. м CH;CH;0 —H- ---- Ò 
| 


[x H-O-H H 
H-O-H | 
попројаг polar 
interacts with interacts with water 
organic material by H-bonding 


at O and H atoms 


Pm cr 


gel 


Ө OH H OH v s 
. О и 
„хе 


H 
five functional groups that have ionic salt 
many opportunities for H-bonding more water soluble 


water soluble 


c. Since the hydrochloride salt is ionic and therefore more water soluble, it is more readily 


transported in the bloodstream. 
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3.49 Use the rules from Answer 3.18. 


nucleophilic nucleophilic nucleophilic 
| = 5 | Бы öt | 5+ 
a ASIS e TET e. CH,OH 
electrophilic electrophilic electrophilic 


товат nucleophilic 


Оде OT =? 
nucleophilic b: electrophilic 
All the C=C's are (All lone pairs on O and 
nucleophilic. Cl are nucleophilic.) 
3.50 
a © + Br NO d. + ОН NO 
` nucleophilic Е nucleophilic 
nucleophilic nucleophilic 
= SN u YES 
b. CH,C| + СМ YES ©. | + H0 
с 44,  electrophilic 
| nucleophilic nucleophilic 
electrophilic 


О 
И 


С = 
сна“ | on Е СНз 
nucleophilic 


YES 


electrophilic 


3.51 More rigid cell membranes have phospholipids with fewer C=C’s. Each C=C introduces а 
bend in the molecule, making the phospholipids pack less tightly. Phospholipids without 
C-C's can pack very tightly, making the membrane less fluid, and more rigid. 


The double bonds introduce kinks in the 
chain, making packing of the hydrocarbon 
chains less efficient. This makes the cell 
membrane formed from them more fluid. 


CH;O 


o Н-С-0 


+ | 
(CH)sNCH;CH; —0-P-O-CH; О 
b- 
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3.52 
amine d a. Seven amide groups [regular 
жы hydroxy group (unbolded) arrows] 
| сап Н-ропа b. ОН Е. T 
H ; groups bonded to sp? C's are 
© | circled. OH groups bonded to sp? 
C's have a square. 
O^ ^O Q c. Despite its size, vancomycin is 
О а! water soluble because it contains 
ху Ох >. many polar groups and many N and 
(0) | | Ф (2) О atoms that can H-bond to H5O. 
а Y о О d. The most acidic proton is labeled 
B M + NHCH; (COOH group). 
N TA ON N : 
yo H он | H e. Four functional groups capable of 
HO 2 HN | H-bonding аге КОН, RCOOH, 
Р d. 2 EC О amide amides, and amines. 
Ms | can H-bond 
acidic OH 
proton НО Tet gon vancomycin 


3.53 Because the O atom in tetrahydrofuran is in a ring, the C atoms bonded to it are kept away 
from the lone pairs on O. This allows the O atom to more readily hydrogen bond with water, 
thus increasing its solubility in water. 


о -—— Electron pairs are more exposed. 
= This facilitates H-bonding. 


3.54 


amide amine . 
e. An isomer that can hydrogen bond should 


a. О 
ww N 4 have a higher boiling point. 
N “Oo о "m. hydrogen bonding possible 
NH 
Р. 


aromatic ring 


aromatic ring 


= most basic atom 
b,c, f, g. 10: 4 та 
USA Nj The N atom of the amide is less basic because 
N / ae the lone pair is part of resonance with the C=O. 
Atoms that can hydrogen bond to H5O are boxed in. 
Electrophilic carbons are labeled with (*). 


most acidic H, pKa ~ 25 
All H's are bonded to C's. Removal of the H on the C adjacent to the C=O results in a 
resonance-stabilized anion. 
d. Fentanyl exhibits van der Waals and dipole-dipole interactions but no hydrogen bonding, 


since there is no H bonded to O or N. 
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3.55 
о (0) 
OH `H SH `н 
CT | c^? = 
CHO i 
H CHO ufo 
A B 
The OH and CHO groups are close enough that they The OH and the CHO are too far 
can intramolecularly H-bond to each other. Since the apart to intramolecularly H-bond 
two polar functional groups are involved in to each other, leaving more 
intramolecular H-bonding, they are less available for opportunity to H-bond with 
H-bonding to H5O. This makes A less H5O soluble than solvent. 
B, whose two functional groups are both available for 
H-bonding to the H20 solvent. 
3.56 
a. melting point 
ноос H Fumaric acid has its two larger COOH groups on opposite 
С=С ends of the molecule, and in this way it can pack better 
H COOH in a lattice than maleic acid, giving it a higher mp. 
fumaric acid 
b. solubility 
cec Maleic acid is more polar, giving it 
А greater НО solubility. The bond 
НООС 5+ 5*COOH dipoles in fumaric acid cancel. 
maleic acid 


c. removal of the first proton (pK,,) 


H H HOOC H 
\ / 


HOOC | COOH 
loss of 1 proton 


C=C 
+ N 
H COOH 
loss of 1 proton 


H Н 
с=с, ноос H 
\ / 
O=C C=O C=C 
Ye of ENS 
оо H соо 
`н 
In maleic acid, intramolecular H-bonding Intramolecular H-bonding 
stabilizes the conjugate base after one H is is not possible here. 


removed, making maleic acid more acidic 
than fumaric acid. 


d. removal of the second proton (pK,2) 
H H 


Now the dianion is held in close proximity 
in maleic acid, and this destabilizes the conjugate 
base. Thus, removing the second H in maleic 
acid is harder, making it a weaker acid than 
fumaric acid for removal of the second proton. 


/ у ЈЕ 
H COO A 


The two negative charges are 
much farther apart. This makes the 
dianion from fumaric acid more 
stable and thus рК» is lower for 
fumaric acid than maleic acid. 
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Chapter 4 Alkanes 
Chapter Review 
General facts about alkanes (4.1—4.3) 


e Alkanes are composed of tetrahedral, sp? hybridized C's. 

e There are two types of alkanes: acyclic alkanes having molecular formula C, H», +2, and 
cycloalkanes having molecular formula C,H;,. 

e  Alkanes have only nonpolar C—C and С-Н bonds and no functional group so they undergo 
few reactions. 

e Alkanes are named with the suffix -ane. 


Classifying C's and H's (4.1A) 


e Carbon atoms are classified by the number of C's bonded to them; а 1° С is bonded to one 
other C, and so forth. 


C C C CH CH; 

"је је 49% ес сс СнзСН›—-С—С—СН» 
С. С | 1 | 

1°C 2°C 3°C 49 С 2c 3c 


e Hydrogen atoms are classified by the type of carbon atom to which they are bonded; a 1° H is 
bonded to a 1" C, and so forth. 


С @ 19H 
H-CJc (u-cjc  (н-с4с | н = Зон 
| | | С СнзСнг-С—СНз 
19H 20H зон CHa 
Names of alkyl groups (4.4A) 
сњ— = —3 CH,CH;CHCH,— = С^ 
methyl butyl 
CHCH} — = ~ а HDI = dn d 
ethyl 4949 
sec-butyl 
сњсњсн = vd (СНснењ— = РАБ 
ргору! 
isobutyl 
(CH3)2CH— = Be (CH3)3¢ — = E 
isopropyl tert-butyl 
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Conformations in acyclic alkanes (4.9, 4.10) 


e Alkane conformations can be classified as staggered, eclipsed, anti, or gauche depending on the 
relative orientation of the groups on adjacent carbons. 


eclipsed staggered anti gauche 
" | № | 
H H H H H H 
ne " DALAN i a ce 
H CH3 CH3 
e Dihedral angle=0° |e Dihedral angle = 60° |e Dihedral angle of | e Dihedral angle of 
2 CHs's = 180° 2 CH3’s = 60° 


e A staggered conformation is lower in energy than an eclipsed conformation. 
e An anti conformation is lower in energy than a gauche conformation. 


Types of strain 
e Torsional strain—an increase in energy due to eclipsing interactions (4.9). 
e Steric strain—an increase in energy when atoms are forced too close to each other (4.10). 


e Angle strain—an increase in energy when tetrahedral bond angles deviate from 109.5° (4.11). 


Two types of isomers 


[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other (4.1A). 
[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space (4.13B). 


cis trans 
CH3 
(у 


|| constitutional | | Е 
isomers stereoisomers 


CH; "CH; CH; сњ 


Conformations in cyclohexane (4.12, 4.13) 


e  Cyclohexane exists as two chair conformations in rapid equilibrium at room temperature. 
e Each carbon atom on a cyclohexane ring has one axial and one equatorial hydrogen. Ring- 
flipping converts axial H's to equatorial H's, and vice versa. 


An axial H flips equatorial. 
| 
H 


à Ring-flip. 
(P. ing-flip “н, 


Нах 


An equatorial Н flips axial.! 
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In substituted cyclohexanes, groups larger than hydrogen are more stable in the more roomy 


equatorial position. 


The larger СН» group is equatorial. 


н | | 


Lf = VM 
CH3 — axial 
Conformation 1 
Conformation 2 


more stable 
95% 5% 


Disubstituted cyclohexanes with substituents on different atoms exist as two possible 


e. 
stereoisomers. 
e The cis isomer has two groups on the same side of the ring, either both up or both down. 
The trans isomer has two groups on opposite sides of the ring, one up and one down. 


trans isomer cis isomer 


Oxidation-reduction reactions (4.14) 
Oxidation results in an increase in the number of C—Z bonds or a decrease in the number of 


C-H bonds. 
0 
CH34CH; - OH Increase in C-O bonds = oxidation 


C 
сну ТОН 


ethanol acetic acid 


Reduction results in a decrease in the number of C—Z bonds or an increase in the number of 


e. 
С-Н bonds. 
H H Ы H 
C=C > H-—C-C-H Increase in C-H bonds = reduction 
н H ii 7 
ethane 


ethylene 
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Practice Test on Chapter Review 


1. a. Which statement 1$ true about compounds A-D below? 


OH но, 
“OH HO OH HO" 
A B 


HO 
С D 
1. A and C are stereoisomers. 4. Statements (1) and (2) are both true. 
2. B and D are identical. 5. Statements (1), (2), and (3) are all true. 


3. A and B are stereoisomers. 


b. Which of the following statements is true about cis-1-isopropyl-2-methylcyclohexane? 

1. The more stable conformation has the isopropyl group in the equatorial position and the 
methyl group in the axial position. 

2. The more stable conformation has both the methyl and isopropyl groups in the equatorial 
position. 

3. cis-1-Isopropyl-2-methylcyclohexane is a meso compound. 

4. Statements (1) and (2) are true. 

5. Statements (1), (2), and (3) are all true. 


c. Rank the following conformations in order of increasing energy. 


СНз T CH3 
н. „снусн» p CHCH L H 
CHCH; CHCH; CH;CH; 
А B с 
Il. С<В<А 3.A<C<B 5. А<В<С 
2. С<А <В 4. В<А < С 


2. Give the IUPAC name for each of the following compounds. 


3. How are the molecules in each pair related? Are they constitutional isomers, stereoisomers, 
identical, ог not isomers? 
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с! 
b. and C 
с! с! "cl 
c Lc dn and CX 
CH3 сна“ CH3 


4. Rank the following conformations in order of increasing energy. Label the conformation of lowest 
energy as 1, the highest energy as 4, and the conformations of intermediate energy as 2 and 3. 


H H 
H H 
CH,CH3 H HA CH2CH3 CH4CH; | CH,CH3 
| 4 | X. 
"os H ма У CH2CH3 сн CH3 сну CH3 
CH; CH3 CH; CH3 СЊСНа H 
A B С D 


5. Consider the following disubstituted cyclohexane drawn below: 
сну D "CH(CH3)? 


a. Draw the more stable chair conformation for the cis isomer. 
b. Draw the more stable chair conformation for the trans isomer. 


Answers to Practice Test 


1. а. 4 2. а. 5-isobutyl-2,6- 3. a. identical 4. А-З 5.а 
dimethyl-6- B-4 СНз 
propyldecane C2 снн»), 
b. 1 b. 1-sec-butyl-4- b. constitutional D-1 
propylcyclooctane isomers 
c.2 C. stereoisomers b. 
СНз 
H 
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Answers to Problems 


4.1 The general molecular formula for an acyclic alkane is C,H», +2. 


Number of C atoms = n 2n + 2 Number of H atoms 
23 2(23) +2 = 48 
25 2(25) +2 = 52 
27 2(27) +2 = 56 
4.2 2-Methylbutane has 4 C's in a row with a 1 C branch. 
А H i CH ни 
а. снзснг-С-Снз b. cmd Ет, с. CH.CH,CH(CH); 4. HTC—CtH е. | ~~] f. снаснснуснњсњ 
СНз = CH3-C1H |СНз | 
H re-draw м re-draw 
2-methylbutane 2-methylbutane — 2-methylbutane | 
ѕ тагом 
“ү pentane иу“ 


| 
2-methylbutane 


2-methylbutane 


4.3 To classify a carbon atom as 1°, 2°, 3°, ог 4? determine how many carbon atoms it is bonded 
to (1? С = bonded to one other C, 2? С = bonded to two other C's, 3? С = bonded to three other 
C's, 4? C - bonded to four other C's). Re-draw if necessary to see each carbon clearly. 


To classify a hydrogen atom as 1°, 2°, or 3°, determine if it is bonded to а 1°, 2°, or 3° С 
(a 1? H is bonded to a 1? C; a 2? H is bonded to a 2? C; a 3? H is bonded to a 3? C). 
Re-draw if necessary. 


пе | с a ез 
а. [1] СЊАСЊСЊСНА [2] (CH3)3CH [3] Ac [а] еер 
LE ud о 
2? C's 3 CHs- CoH 4° C's All other C's are 2? C's. 
СНз ~3° С All other C's are 1° C's. 3e C 
| re-draw re-draw 
1° H's 
Hs — Hs | HH 
ce сњ CH, Ne Che 4° H's 
b. [1] CH;CH,CH,CH, [2] CH,-C-H [3] CH,-C— C- CH, [4] : — 
| | 3 
| ‚Сз Хан CH; СНз H H 
ans Fs ен LS 
1? H's a s 3° H 


All others are 2° H's. 
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4.4 Use the definition of 1?, 2?, 3?, or 4? carbon atoms from Answer 4.3. 


4.5 Constitutional isomers differ in the way the atoms are connected to each other. To draw all 


the constitutional isomers: 


[1] Draw all of the C's in a long chain. 
[2] Take off one C and use it as a substituent. (Don't add it to the end carbon: this re-makes the 


long chain.) 
[3] Take off two C's and use these as substituents, etc. 


Five constitutional isomers of molecular formula CgH,4: 


[1] long chain [2] with one C as a substituent [3] using two C's as substituents 
CH3 CH3 СН H H 

CH3CH2CH2CH2CH2CH3 CH4CH;CH;- C- CH; CH4CH;-C- CHCH снн, ссн, CH4-C— C- CH; 
H H CH; CH CH; 


4.6 Draw each alkane to satisfy the requirements. 


an m 
a. | b. { 4 © CH,C- CH;-CCHs 
idi 1°C 1°C к 1 joe 


All other C's are 2° C's. 


4.7 Draw each compound as a skeletal structure to compare the compounds. 


T C3 
PO T 4 | | 
CH3(CH>)3CH(CH3)2 = CH4CH;CH(CH3)CH;CH;CH, = “л 
А в с 
СНз bonded to СЗ CH3 bonded to C2 СНз bonded to СЗ 


identical to compound C identical to compound A 


4.8 Use the steps from Answer 4.5 to draw the constitutional isomers. 


Five constitutional isomers of molecular formula C5H,, having one ring: 


у o CE “чы 


CH CH CH5CH 
CH3 3 3 2573 
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4.9 Follow these steps to name an alkane: 
[1] Name the parent chain by finding the longest C chain. 


[2] Number the chain so that the first substituent gets the lower number. Then name and 


number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 


4-tert-butyl 
[1] CH3 [2] CH3 [3] 4-tert-butyl-4-methyloctane 
CH3-C-CH3 CH3-C-CH3 
а. [CH;CH;CH;-C-CH?CH;CH;CHs | | CH;CH;CH;-C -CH;CH;CH;CH; 
СНз 12 3,CH 6 7 8 


8 carbons = octane 


И]. М [2] 

b. H+C-CH3 

H+C-CH2-CHCH3 
CH, СН» 


[3] 2,4-dimethylhexane 


6 carbons = hexane 
4-methyl 2-methyl 


6-isopropyl 
H p РУ. 


[1] H [2] | 1 [3] 6-isopropyl-3-methylInonane 
СНз-С-СНз CH;CHs СНз-С-СНз ШЕ? 
с. [CH3CH;CH;-C-CH;-CH;-CfÍCHs |CH;CH;CH; 4C- CH;-CH;- GECHs 
H H 9 8 7 6H 5 4 н; | 
9 carbons = попапе 3-methyl 
[1] [2] 56 7 [3] 2,4-dimethylheptane 
CH;CH;CHs 1 23 CH;CH;CH; 
d. |cHy-CHCH;-Cl сн; CH4-CHCH;—CL CH; 
и ли — а 
CH, H CH, H a| 
7 carbons = heptane | 4-methyl 
2-methyl 
4.10 Use the steps in Answer 4.9 to name each alkane. 
а. (CH3),CCH;CH(CH2CH3)2 
[1] re-draw [2] 2 [3] 4-ethyl-2,2-dimethylhexane 
СНз 1 № 4 56 
CH5-C-CH;-CH- CH;CH; CH5-C— CH;-CH- CH;CH; 
CH; CHCH} СНз СН,СНз 4-ethyl 
6 carbons - hexane 2,2-dimethyl 
b. CHa4(CH35)aCH(CH2CH2CH3)CH(CH3)2 
|re-draw | 
[1] [2] 4-isopropyl [3] 4-isopropyloctane 
CH3 8 7 6 5 4 CH; 


CH3CH;CH;CH;-CH|CH-CH,  |CH3CH;CH;CH;- CH -CH-CH; 


| | 
CH2CH2CH;| СН;СЊСНа 


8 carbons = octane TUE d 
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2-methyl 
[2] 1'34567 


DS 


or rd 
3-ethyl 5-methyl 


longest chain = 7 carbons = heptane 
Number so there are more substituents. 
Pick the upper option. 


2-methyl 
21413 5 
WIEN 
2 


1 
"Ur 


10 carbons = decane 


< 5-sec-butyl 


жамы 
6 | 8 910 
7-methyl 


4.11 To work backwards from a name to a structure: 


[1] Find the parent name and draw that number of C's. Use the suffix to identify the functional 


group (-апе = alkane). 


Alkanes 4-9 


[3] 3-ethyl-2,5-dimethylheptane 


[3] 5-sec-butyl-3-ethyl-2,7-dimethyldecane 


[2] Arbitrarily number the C's in the chain. Add the substituents to the appropriate C's. 


[3] Re-draw with H’s to make C's have four bonds. 


a. 3-methylhexane 


[1] 6 carbon alkane 


[2] 


СНз-— methyl on C3 


C—C-C-C-C-C c—c-c-c-c-c 


b. 3,3-dimethylpentane 


[1] methyl groups on C3 


[2] | 
Dub 
с—с—с-С-С 


5 carbon alkane 
C—C-C-C-C 


c. 3,5,5-trimethyloctane 


[1] [2] 


8 carbon alkane 
ÇHs бн» 
С=С=С=С С C-C-C 

СН=— 


C-C-C-C-C-C-C-C 


d. 3-ethyl-4-methylhexane 
(1 | 


6 carbon alkane 


2 
[2] ethyl group on C3 
CH2CHs 


C—C-C-C-C-C C-c-c-c-c-c 


methyl groups on C3 and C5 


[3] 
СНз 


| 
CH3CH2- CH— CH;CH2CHs 


[3] 


сњ 
CH4CH;- C- CH;CH 
СН 
[3] 
з © 
Снасн; - CH-CH;-C —CH;CH;CH; 
CH3 
[3] 
CH;CH; 
CH3CH2- CH- CH- CH;CHs 


CH3 


CH3 -—— methyl group on C4 
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e. 3-ethyl-5-isobutylnonane 


[1] [2] isobutyl group on C5 [3] 
9 carbon alkane сњ CHs 
CH2~CH-CHs CH2-CH-CH; 
C-C-C-C-C-C-C-C-C с-с-с-с-с-с-с-с-с CH3CH?- CH- CH; - CH- CH/CH;CH;CH; 
СН2СНз СН2СНз 


ethyl group on C3 


4.12 Use the steps in Answer 4.9 to name each alkane. 


[1] H H H H H H [2] [3] hexane 
HTC-C-C-C-C-C-4H А А 
1 no substituents, skip [2] 
HHHHHH 
6 carbons = hexane 
2-methyl 
И HHH CH3H 2 HHH СВ 1 [3] 2-methylpentane 
H С С С С С H H+C—C—C—C—C+H 
HAHHA H 5“ HHHH H 
5 carbons = pentane 
3-methyl 
0] H H CH3H H [2] H н CHA н A1 [3] 3-methylpentane 
HEE C-Ç IM Me a ds d o 
HHH HH 5- HHH HH 
5 carbons = pentane 
2,2-dimethyl 
[1] H H CHH [2] H H CHH A [3] 2,2-dimethylbutane 
H-C-C-C—C-H HEC-6C-C—C^-H 
H H CHH 4< H H CHH 
4 carbons = butane 
[1] H H H H 21] HH H н A [3] 2,3-dimethylbutane 
HEC-C—C—C]H HLC-c-c—cfn 
H CH3CH3H 4< H CH3CH3H 
4 carbons = butane | | 
2,3-dimethyl 


4.13 Follow these steps to name a cycloalkane: 
[1] Name the parent cycloalkane by counting the C's in the ring and adding cyclo- 
[2] Numbering: 
[2a] Number around the ring beginning at a substituent and giving the second 
substituent the lower number. 
[2b] Number to assign the lower number to the substituents alphabetically. 
[2c] Name and number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 
(Remember: If a carbon chain has more C's than the ring, the chain is the parent, 
and the ring is a substituent.) 
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6 carbons in ring = 
cyclohexane 


0 6 
b. 
| 


5 carbons in ring = 
cyclopentane 


| АЛ 


6 carbons in ring = 
cyclohexane 


[1] 


d. 
6 carbons in ring = 
cyclohexane 
[1] DEUM 
& ^ 


longest chain = 
5 carbons = 
pentane 


| [1] AE 


6 carbons in ring = 
cyclohexane 


Alkanes 4—11 


1 


2 1,1-dimethyl 
CH , y 
[2] 3-0 en [3] 1,1-dimethylcyclohexane 
Ц | 
4 Со 6 
5 


Number so the 
substituents are at C1. 


1,2,3-trimethyl 


3 
[2] 36 2 / [3] 1,2,3-trimethylcyclopentane 
C 


Number so the first substituent 
is at C1, second at C2. 
1 
з 6 
[2] с“ као. 
С 


[3] 1-butyl-4-methylcyclohexane 
6 
1-butyl 


C. ir 
CH44 ^C 


4-methyl 
Number so the earlier alphabetical 
substituent is at C1, butyl before methyl. 


6 | we -sec-butyl 
[2] "s JE [3] 1-sec-butyl-2-isopropylcyclohexane 
| 


C 
| 


РК 


Number so the earlier alphabetical 
substituent is at C1, butyl before isopropyl. 


2-isopropyl 


1 3 5 
2 С С С 3] 1-cyclopropylpentane 
ui [3] 1-cyclopropylp 


1-cyclopropyl 


Number so the 
cyclopropyl is at C1. 


D$ -dimethyl 
4 ; 
[2] 3 А [3] 3-butyl-1,1-dimethylcyclohexane 
3-butyl 


Number so the two 
methyls are at C1. 
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4.14 To draw the structures, use the steps in Answer 4.11. 


a. 1,2-dimethylcyclobutane 


[1] 4 carbon cycloalkane [2] CH; 1 [3] CH; 
c-c methyl groups ес 4 
Ig C-C 3 
ico on C1 and C2 E E сна 
b. 1,1,2-trimethylcyclopropane 
CH3 | CH 
[1] 3 carbon cycloalkane [2] 26 3 CHs's [3] 3 
C—c- CHs СНз 
/N 3 р 
С=С CH; CH3 
c. 4-ethyl-1,2-dimethylcyclohexane 
[1] 6 carbon cycloalkane [2] CHCH2 4 С. 2 сн [3] сн.сн, CH3 
E ne CT 
C C C. Zs 
i i ethyl 9 ^C^4^CHs CH3 
C~ o£ on C4 6 
2 CH4's 
d. 1-sec-butyl-3-isopropylcyclopentane СНз. -CH3 
CH -— isopropyl 
[1] 5 carbon cycloalkane [2] 13 ргору [3] 
^C. 407 с2 
К id 5 С—С1 
Ew CH-CHs 
CH,-CH, sec-butyl 
e. 1,1,2,3,4-pentamethylcycloheptane 
[1] 7 carbon cycloalkane [2] 5СН5 CH; [3] Sa СНз 
з 
„бы CH 4 
ere Де 5 
Д \ CH 
A. ue CHC 4 C6 и 
C=C 20-С7 сна 
сну! CH; 


4.15 Compare the number of C’s and surface area to determine relative boiling points. Rules 
[1] Increasing number of C’s = increasing boiling point. 


[2] Increasing surface area = increasing boiling point (branching decreases surface area). 


See а ен 
8 C's 


7 C's 7 C's ^ 
linear linear one branch 
largest number of C's 


7 C's 
no branching three branches 
highest bp 


increasing branching 
decreasing surface area 
decreasing bp 


Increasing boiling point: (CH3),CCH(CH3); < CH.CH;CH;CH;CH(CH3); < СНз(СН,)5СН; < CH4(CH;)gCHs 


4.16 To draw a Newman projection, visualize the carbons as one in front and one in back of each 


other. The C-C bond is not drawn. There is only one staggered and one eclipsed 
conformation. 
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rotation here Br Ae 
B 
н |H " á 609 HBr 
ME EM 
76-6— M 
pos кч H^ H ^ 
C in front ^ Н Н NGC behind H H 
1 2 
staggered eclipsed 
4.17 
4.0 kJ/mol 
"s СНз 
To calculate Н,СНз destabilization: 
H,H eclipsing H 14 kJ/mol (total) — 


8.0 kJ/mol for 2 H,H eclipsing interactions 
= 6 kJ/mol for one H,CH; eclipsing interaction 


4.0 kJ/mol of destabilization NT. kJ/mol 


4.18 To determine the energy of conformations keep two things in mind: 
[1] Staggered conformations are more stable than eclipsed conformations. 
[2] Minimize steric interactions: keep large groups away from each other. 
The highest energy conformation is the eclipsed conformation in which the two largest 
groups are eclipsed. The lowest energy conformation is the staggered conformation in 


which the two largest groups are anti. 


rotation here 


H H 
H | | CH CH | 
| СНз СНз 3 3 CH CH 
CHa- C^ CH;CHs СИ 60° H 609 3 3 
2 М. 
CHs H CH; Сн; сну ~ ^H 
H H H 
1 2 3 
staggered eclipsed staggered 
most stable most stable 
| 60° 60° 
СН 
H CH у CH 
CH 3 | CH3 
3 CH3 60° pou 609 CH3 ur CH 
~ 
H H < H H 
H H H 
6 5 4 
eclipsed staggered eclipsed 
least stable least stable 
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4.19 To determine the most and least stable conformations, use the rules from Answer 4.18. 


Cl H 
a. 1,2-dichloroethane H | H bee gt „Несі 60° н H 
CICH - CH;CI COME. ae 
| HT Он H н< а 
rotation here С e а 
1 2 3 
staggered, anti eclipsed staggered, gauche 
| бог p 
HS HH | H н HH 
^ во" = 427 
H ac “н а 
CI а! а 
6 5 4 
eclipsed staggered, gauche eclipsed 


highest energy 
CI groups eclipsed 
least stable 


b. 4 


Eclipsed forms are 
higher in energy. 


Staggered forms 
are lower in energy. 


Energy 


1 


most stable most stable 
CI groups anti 


| | | 
| | | | | | 
180° 120° 60° 0° 60° 120° 180° 


Dihedral angle between 2 CI's 


4.20 Add ће energy increase for each eclipsing interaction to determine the destabilization 


CH 
ну HCH, HHH, 
a. b. 
HCH; uere 
1 H,H interaction = 4.0 kJ/mol 3 H,CHg interactions 
2 H,CHs interactions (3 x 6.0 kJ/mol) = 18 kJ/mol 
(2 x 6.0 kJ/mol) = 12.0 kJ/mol 

Total destabilization 


Total destabilization = 16 kJ/mol 
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4.21 Two points: 
e Axial bonds point up or down, while equatorial bonds point out. 
e Апир carbon has an axial up bond, and а down carbon has an axial down bond. 


equatorial 
axialup. CH | Br СНз Br 
А з 
ИН H axial up 46 
но ^7 нн 
P d СІ H [-— axial down CI 
/ H | он eH 
equatorial : Up carbons are dark circles. 
equatorial Down carbons are clear circles. 


4.22 Draw the second chair conformation by flipping the ring. 
e The up carbons become down carbons, and the axial bonds become equatorial 
bonds. 
e Axial bonds become equatorial, but up bonds stay up; that is, an axial up bond 
becomes an equatorial up bond. 
e Тһе conformation with larger groups equatorial is the more stable conformation and is 
present in higher concentration at equilibrium. 


axial 


Drawiin еН { Draw second conformation. 
Br / z7 ~Br = 
eL | Ор carbons switch VM 9d 
~ 


and label the C to down carbons. 


more stable asupordown. Axial bond is up = rd Axial bond is down = 
Br is equatorial. up carbon axial down carbon 
axial 
eq 
CI Draw in the H Cl Draw second conformation. M 
b. LL U b itch 6 
and label ће C H р carbons змс MT EN Hes . 
as up or down. kl to down carbons. Axial pondis down = 
Axial bond is up = 
up carbon more stable 
CI is equatorial. 
Axial bond is up = Ө 
up carbon и 
Н 
; “ Draw second conformation. 
c. chet Draw in the H CH,CH3 - 
E Up carbons switch CH4CH 
and label the C 3 to down carbons ia 
more stable as up or down. | Axial bond is down = 

CH2CH3 is equatorial. down carbon 


4.23 Larger axial substituents create unfavorable diaxial interactions, whereas equatorial groups 
have more room and are favored. 
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H H H 
ME H 
—©-с-н vows 1.0 
H H EE | 
larger substituent equatorial CH;CH; H ‚С сн» 
iia non nS bë equatorial НЕК тһе Не and СНз of the sp? hybridized 
C have severe 1,3-diaxial interactions 
H with the two other axial H's. 
—C=C-H оон 3 
more compact substituent eauatorial с=сн m | 
less important to be equatorial Ч H C" The sp hybridized C's are linear and 
C-— point down. The 1,3-diaxial 


| interactions with the two other axial 
The axial conformation containing the C=CH group is not as H H's are less severe. 
unstable as the axial conformation containing the CH2CHs, so it 
is present in higher concentration at equilibrium. 


4.24 Wedges represent “up” groups in front of the page, and dashes are “down” groups in back of 
the page. Cis groups are on the same side of the ring, and trans groups are on opposite sides of 


the ring. 
a. cis-1,2-dimethylcyclopropane b. trans-1-ethyl-2-methylcyclopentane 
po " 
CH3 CH3 сну "СНз 2 ~ 
CH,CH; Сн; сњењ CHa 
cis = same side of the ring trans = opposite sides of the ring 
both groups on wedges or one group on a wedge, 
both on dashes 


one group on a dash 


4.25 Cis and trans isomers are stereoisomers. 


cis-1,3-diethylcyclobutane a. trans-1,3-diethylcyclobutane b. cis-1,2-diethylcyclobutane 


LI 


cis = same side of the ring trans = opposite sides of the ring constitutional isomer 
both groups on wedges or one group on a wedge, different arrangement of atoms 
both on dashes 


one group on a dash 


4.26 To classify a compound as a cis or trans isomer, classify each non-hydrogen group as up or 
down. Groups on the same side = cis isomer; groups on opposite sides = trans isomer. 


down bond nt. 


down bond up bond 
(equatorial) H (up) n p) у (axial) _ up) 
HOTT =н um, Ld 
a. HO MEE c. pos = 227 
"E bond "up bond еи ед bond 
(equatorial) (down) (equatorial (equatorial) 
both groups down = 


one group up, one down = 


cis isomer trans isomer 


one group up, one down = 
trans isomer 
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groups on same side groups on opposite sides 


cis isomer trans isomer 
(one possibility) 
is: CH 
cis: 3 CH; 
H 
b. = 25 on, 
H H 


two chair conformations for the cis isomer 


Same stability since they both have 
one equatorial, one axial CH3 group. 


4.28 
CH2CH3 ——-— axial CH2CHs 
a. CH3 
1,1-disubstituted e: 
СНз -——up (axial) 
H 
b. CH;CHs = up 4 
H © up 


cis-1,2-disubstituted 


сне (7 он 


(equatorial) 


Alkanes 4—17 


. CH 
trans: 3 H 
Hi CH; 
CH 


both groups equatorial 
more stable 
two chair conformations for the trans isomer 


. The trans isomer is more stable because 


it can have both methyl groups in the more roomy 
equatorial position. 


CH4-— down 
(equatorial) 


trans-1,3-disubstituted 


H 


down 


H 


trans-1,4-disubstituted 


4.29 Oxidation results in an increase in the number of C—Z bonds, or a decrease in the number of С-Н 


bonds. 
Reduction results in a decrease in the number of C—Z bonds, or an increase in the number of С-Н 
bonds. 
0 о о но он 
а. снн сн; “он с. сну“ сњ сн ^ CH, 


Decrease in the number of С-Н bonds. 
Increase in the number of C—O bonds. 
Oxidation 


No change in the number of C-O 
or C-H bonds. Neither 
[9] 


i 
С CH3CH,CH 
b. сну“ ^ CH, зет она а. ( yo ( ) о 


Decrease in the number of C-O bonds. Decrease in the number of C—O bonds. 
Increase in the number of C-H bonds. Increase in the number of C-H bonds. 
Reduction Reduction 


4.30 The products of a combustion reaction of a hydrocarbon are always the same: СО; and ЊО. 


flame 


а. СЊСЊСН + 50 ЗСО, + 460 + heat 
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flame 
b. Q + 90 6 CO) + 6Њ0 + heat 


4.31 “Like dissolves like.” Beeswax is a lipid, so it will be more soluble in nonpolar solvents. 


H20 is very polar, ethanol is slightly less polar, and chloroform is least polar. Beeswax is 
most soluble in the least polar solvent. 


Increasing polarity 


————— 


но CH3CH,OH CHCl, 


ne 


Increasing solubility of beeswax 


4.32 Re-draw the model as a skeletal structure. The longest chain has 15 C's, making it a 
derivative of pentadecane. Numbering from either direction gives the same numbers. 


РРО ойый УЧЕ 9 


1 
15 C's ---- = pentadecane 


4 methyl groups at C2, C6, C10, and C14 
2,6,10,14-tetramethylpentadecane 


4.33 Re-draw each alkane as a skeletal structure, and use the steps in Answer 4.9 to name each 
compound. Use the definitions in Answer 4.3 to classify C's. 


4 
а: | / 7 C's in longest chain = heptane ө=2°С 
Number from left to right to put two 
N substituents on C3. 
5 


=3°C 1° C's unlabeled 
Four CH; groups --- - > tetramethyl m =4°С 
Answer: 3,3,4,5-tetramethylheptane 


1 


: | | | 8 C's in longest chain = octane ө=2°С 
Number from right to left to put first 
и Qd TESTS =3°C 1° C's unlabeled 
ethyl at C3; 2 methyls (C5) - - - - = dimethyl m =4°С 


Answer: 3-ethyl-5,5-dimethyloctane 


4.34 Re-draw the ball-and-stick model as a chair form. 


equatorial 
|| 
H 
a. H [7a CH(CH3)2 
‘| Br equatorial 
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b. CH; on Cl and Br on C2 are both down, making them cis. 
c. Bron C2 and CH(CH3), on C4 are both down, making them cis. 
d. Second chair form: 
H This chair form is less stable because two 
1 groups [Br and СН(СНа)] are іп the more 
СНзӯ 4н crowded axial position. 
2 
Br CH(CH3)2 
4.35 
o p^ 
"СУ b ® е ee 
| š | № ө 4 
о | | МЕ! © © 
Br а! с! 
"Kor "v ins 
H H H H 
H ш CH; M CH3 
4.36 Use the rules from Answer 4.3. 
4° 
1* 3° | 
=. И 6. НЕ СНз CH CH 
N ye f pem el V о ПА Ра 
a. [1] [2] | b. [1] cuz тс ~ ә ©» CN 
| t Aaa e A cl 
4p Cms MAN M pis ^он 
2° All СНз'ѕ have 1° H's. о 
1, All CH»'s have 2° H's. Nod o 
1 All CH's have 3? H's. 
4.37 
One possibility: 
Crs 
a. CHg- C ОНА b. C. CH3CH2CH3 d. (CH3)3CH 
CH3 
4.38 
a. Five constitutional isomers of molecular formula C4Hg: 
ik 
= Z C 
А CH,CH-CHCH,  CH,-CHCH;CH, «Ссн, 


СН; 
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b. Nine constitutional isomers of molecular formula C7H46: 


H H 
| | 
CH3CH3CH;CH;CH;CHCHs CH4- C- CH;CH;CH;CH; CH,CH?-C- CH;CH;CH; 
CH3 CH3 
0н СН uk j Й 
CH3-C-CH2CH2CHs СНЗСН-С—СН2СНз CH4-C—C-CH;CH, CH3—C—CH)~C—CHg 
| 2 
CH,CH;-C-CH;CH, CH,-C—C-CH, 
CH3CH; CH3CH; 


c. Twelve constitutional isomers of molecular formula CgH4» containing one ring: 


ја 
A A A ДА м КА 


4.39 Use the steps in Answers 4.9 and 4.13 to name the alkanes. 


[1] CH, CH CH [2] |CH3CH»CHCHyCHCH,CH,CH3 [3] 5-ethyl-3-methyloctane 
CH3 СЫНСЫН» 


8 carbons = octane 
3-methyl — 5-ethyl 
СН2СНз CH3 7 7 -methyl 
b. |CH4CH;CCH;CH;CHCHCH;CH;CH; | [2] 1 2 3CH;CH. NCPs [3] 3,3,6-triethyl-7-methyldecane 
CH3CH,CCH,CH,CHCHCH,CH,CH3 
СН>СНз Сењ 


[1] t T 
CH;CH4 CH;CHs4 


10 carbons = decane 


3,3,6-triethyl 
с. CH3CH;CH5C(CH3)2C(CH3); CH2CHs 
[1] re-draw [2] CH5CH5/3 [3] 3,3,4,4-tetramethylheptane 
4—7 
CH, CH, en ts 
CH;CH;CH;-C—C- CH;CH; 4 Eua 
3,3,4,4-tetramethyl 


7 carbons = heptane 
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а. CH4CH;C(CH5CH3);CH(CH3)CH(CH5CH5CH3) 
ghia 2Ut13)2 3 oU rto S13)» 3,3-diethyl 
re-draw 4 5 
[1] сњсњн н [2] снзСнн н, [3] 3,3-diethyl-4-methyl-5-propyloctane 
| | a T me T = T P 
CH4CH;-C—0—C- CH;CH;CHs = | ОНО 
| 1 СНз CH2CH;CH 
| CHCH; CH; CH;CH;CH; uiui c iE ој 
8 carbons = octane 4-methyl 5-propyl 
е. (CHa3CH2);CCH(CH3)CH2CH;CHs 3,3-diethyl 
4 
1 2 СНзСН>Н 3 -di -4- 
[1] [redraw [2] sep [3] 3,3-diethyl-4-methylheptane 
CH3CH2—C—C-CH2CH2CH 
CH,CH, H = 2 E — 3 
у CH3CH 
CH;CH 6 — C-CH;CH;CH; зен; ÇH; 
CH,CH; CH; 4-methyl 
7 carbons - heptane 
f. CH3CH;CH(CH3)CH(CH3)CH(CH2CH5CH3)(CH2)4CHs 
3 4 5 
[1] | re-draw [2] H/H / H [3] 3,4-dimethyl-5-propylnonane 
CH,CH;- C— C— C- CH,CH;CH;CH; 
NS Г 12 сњењењсњоњ 
CH3CH; -C— C— C- CH;CH;CH;CHs 
CH; СН» CH;CH;CH 3,4-dimethyl 5-ргору! 
9 carbons = nonane 
д. (СНзСН2СН2)4С 
| re-draw 4 4,4-dipropyl 
[1] CH;CH;CHs5 [2] СН2СН»СНз [3] 4,4-dipropylheptane 
CH4CH;CH; - C CH;CH;CHs CH3CH;CH; - C CH;CH;CHs 
CH2CH2CH3 1 2 з  CH;CH;CH 


7 carbons = heptane 


| | РУЧА УГ САРИ [3] 6-isopropyl-3-methyldecane 


| Å |з 5 | 7 
-— 6-isopropyl 


10 carbons = decane 3-methyl 


8 6 4 |-— 4-isopropyl 

И ратта 
| | SA 

10 carbons = decane | 8-ethyl ЈЕ 
2,6-ате ћу! 

4-isopropyl 


[3] 8-ethyl-4-isopropyl-2,6-dimethyldecane 


[1] | [2] [3] 4-isopropyloctane 


| za A 


8 carbons = octane 
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2,2,5-trimethyl 


] С» CH CH H3) - 


т. 4 1-sec-butyl 
-isopropyl 
5 
6 4 
n 1 3 
2 
1-isobutyl 3-1воргору! 


4.40 
СНз 2,2-dimethyl 


2,2,5-trimethylheptane 


2 
3 


5 


3-cyclobutyl 


1-sec-butyl-2-isopropylcyclopentane 


1-isobutyl-3-isopropylcyclohexane 


сн;— 3,3-dimethyl 
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4 3-cyclobutylpentane 


сн; 4,4-dimethyl 


CH; == ТООЛУУ 


CH3CH; C — CHICHCH;CHs 


1 /сњ 
2 


2,2-dimethylheptane 


1 CH 
3 3 


3,3-dimethylheptane 


CH3CH,CH ,C- CH)CH;CHs 


H H H H 
CH,-C—CH; -£ - CHICH;CH; сну —CH4CHz- C- CH;CHs 
1 m “2 1 /сњ 5 СНз 
2,4-dimethyl 2,5-dimethyl 
2,4-dimethylheptane 2,5-dimethylheptane 
H H 
СНз— Co CH5CH;CH; Hn CH3 mS E CH2CH2CH3 
13 би; 6/ CH 1 e 
2,6-dimethyl 3 ANS 


2,6-dimethylheptane 


3,4-dimethylheptane 


4.41 Use the steps in Answer 4.11 to draw the structures. 


а. 3-ethyl-2-methylhexane 
[1] 6 C chain 


C-G-C-C-C-C 


бе -— 72706 
[2] CH3 CH2CH3 


methyl 
on C2 


ethyl on C3 


1 CH 
4 3 


4,4-dimethylheptane 
2. H н/з 


сн — C - CH;CH;CH;CH; 


1 CH3CH3 
m rer 
2,3-dimethylheptane 
H H 


T T 
CH3CHy—C - CH?- C - CH;CHs 
1 CH3 CH3 

3 5 


3,5-dimethyl 
3,5-dimethylheptane 


na 
[3] CH5-6— C- CH;CH;CH; 
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b. sec-butylcyclopentane 
[1] 5 C ring 


© 


с. 4-isopropyl-2,4,5-trimethylheptane 


[1] 7 C chain 


C-C-C-C-C-C-C 


d. cyclobutylcycloheptane 
[1] 7 C cycloalkane 


e. 3-ethyl-1,1-dimethylcyclohexane 
6 C cycloalkane 


f. 4-butyl-1,1-diethylcyclooctane 
[1] 8 C cycloalkane 


oo / 


g. 6-isopropyl-2,3-dimethylnonane 
[1] 9 C alkane 


h. 2,2,6,6,7-pentamethyloctane 
[1] 8 C alkane 


i. cis-1-ethyl-3-methylcyclopentane 


Q 


Alkanes 4—23 


[2] 
isopropyl on C4 
CH 4 -CH3 
2] 3 cH [3] Де. 
C=C—C=C—C=C=-C | 
lu. uin CHs-CH-CH?-C— CHCH;CHs 
2 үз CH3 СНз СНз 


methyls оп C2, С4, and C5 


[2] [3] 
нона cas ^CHs -—— 2 methyl 


| | ^CHs-— groups on 
ethyl on C3 a C1 


2 ethyl groups ___ 
| 


C 
[2 C-C.: 
C-C 


yo 


7 э 


C 
| | 
С 


isopropyl 


"С 
[2] i | [3] 
ÇH Mn AX 
С С С С С 


| 
СНз— methyl 


5 methyl groups 
[2] CH; „СНз СНз CH3 
C C C C 


| 
СНз 


СН2СН; — ethyl on C1 


СНз = methyl on СЗ CH3 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


104 


Chapter 4—24 


j. trans-1-tert-butyl-4-ethylcyclohexane 


[1] | 6 C ring 


Q 


C(CH3)3 
a O 
CH3CHz" 


4.42 Undecane has 11 C's in an unbranched long chain, with molecular formula Су На. А 
compound that is not an isomer must have a different molecular formula. Only (c) has a 


different molecular formula. 


-— ЧР У 


2-methyldecane 


Ap 


Ф 


2,2,3,3,4,4-hexamethylpentane 


C 44H24 
isomer 3-ethyloctane Cu Hz 
СлоН22 isomer 
not an isomer 
b. db di c 
3,3-dimethylnonane d. 
C41H24 
isomer 
3,4-diethylheptane 
C41H24 
isomer 
4.43 Draw the compounds. 
; ; H 
a. 2,2-dimethyl-4-ethylheptane c. 2-methyl-2-isopropylheptane А 
M упер CH; CHCH; : d | р ia p CH,CLCH, 
= CH4- C- CH;—C- CH;CH;CHs ongest chain was no " 1 
а | | chosen = octane CH3-1C- CH;CH?CH;CH;CHs 
alphabetized incorrectly СНз H С - 
3 


ethyl before methyl | 


4-ethyl-2,2-dimethylheptane 


b. 5-ethyl-2-methylhexane | 
"SUR 


Longest chain was not | 


chosen - heptane 
2,5-dimethylheptane 


2,3,3-trimethyloctane 


d. 1,5-dimethylcyclohexane CH; 
1 
Numbered incorrectly. ~~ 
Re-number so methyls 3 


are at C1 and C3. СНз 


1,3-dimethylcyclohexane 
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e. 1-ethyl-2,6-dimethylcycloheptane CHCH; 
CH3 2 g. 3-butyl-2,2-dimethylhexane 


Numbered incorrectly. ____ 
Re-number so methyls СНз Longest chain not —- 1 
are at C1 and СА. chosen 7 octane | 


2-ethyl-1,4-dimethylcycloheptane 4-tert-butyloctane 
f. 5,5,6-trimethyloctane 


h. 1,3-dimethylbutane H 
Numbered incorrectly. ~~ 3 4 Longest chain not 
Re-number so methyls chosen = pentane ==: CH3-ÇCH2— CH2 
CH3 


are at C3 and C4. CH3 
3,4,4-trimethyloctane 2-methylpentane 
4.44 
a Hs _-CH2CH2CH3 b. СНз. | CH2CHs CH3CHo. | * сњснсн, 
снг” Ур `H Н `H CH; CH;CHZ ~ 
| re-draw | re-draw | re-draw 
4 ~ 
3 a 
4-isopropylheptane 3-ethyl-3-methylpentane 4,4-diethyl-5-methyloctane 


4.45 Use the rules from Answer 4.15. 
a. СНзСН2СНз CH3CH2CH2CH3 CH3CH2CH2CH2CH3 


3C's 4C's 5 C's 
lowest boiling point highest boiling point 


b. (CH3)2CHCH(CH3)2 CH3CH2CH2CH(CH3)2 CH3(CH2)4CH3 


most branching , least branching | 
lowest boiling point highest boiling point 
4.46 a. 
ewe AY 
СНз(СН2)5СНз (СНз)зСС(СНз)з 
no branching = higher surface area branching = lower surface area 
higher boiling point lower boiling point 


more spherical, better packing = 
higher melting point 
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b. There is a 159? difference in the melting points, but only a 20? difference in the boiling 
points because the symmetry in (СНз)зСС(СНз)з allows it to pack more tightly in the solid, 
thus requiring more energy to melt. In contrast, once the compounds are in the liquid state, 
symmetry is no longer a factor, the compounds are isomeric alkanes, and the boiling points 
are closer together. 


4.47 
i 
H СНз н. сн H H HS H 
M 
н< H н < “сенз сну “4 “он, т 
СНз CH3 CH3 СНз 
1 gauche CH3,CH, higher energy 2 gauche СНз,СНз higher energy 
- 3.8 kJ/mol 2 gauche CH3,CH3 3.8 kJ/mol x 2 - 3 eclipsed H,CH3 
of destabilization 3.8 kJ/mol x 2 = 7.6 kJ/mol 7.6 kJ/mol 6 kJ/mol x 3 = 18 kJ/mol 
of destabilization of destabilization of destabilization 


Energy difference = 
7.6 kJ/mol — 3.8 kJ/mol =| 3.8 kJ/mol 


Energy difference = 
18 kJ/mol — 7.6 kJ/mol = |10.4 kJ/mol 


4.48 Use the rules from Answer 4.18 to determine the most and least stable conformations. 


а. CH3—CH,CH,CH,CH3 b. CH3CH,CH,—CH,CH,CH; 
H H H2CH2CH3 CH2CH3 ТЯ 
(кш. JY 
H H H H 
М "Wl CH4CHs ^H 
staggered eclipsed staggered ecli 
. psed 
most stable least stable ethyl groups anti ethyl groups eclipsed 
АП staggered conformations are equal in energy. most stable least stable 
All eclipsed conformations are equal in energy. 
4.49 
CH; H H с! MH 
V ЗАН X / 3 
a. С—С b. С—С, & р 
Er м в`/ + VH t X 
Br 3 Cl Br cl H 
CH " CH;CH 
5 с! 2СНз 
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4.50 
н н | CHCH A 
ср bbi iu 2CH3 co, H H 
H H 
1]  CH34CH;-CH;CH;CH H CH2CH3 
[1] aS rio 2612613 CH3 [СН CH; 
1 Ho 3 
60° 60° 
CH;CH; H № н н 
H ° H ° 
3 352 60 60 B + 
CH34CH; H 
з СНз ICH, 
4 
least stable 


4 


Eclipsed forms are 
higher in energy. 


Staggered forms 


> 
> 
Ф . 
i : are lower in energy. 
1 
most stable most stable 
| | | | | 
1 | | | | 
1809 120° 60° 0° 60° 120? 1809 
Dihedral angle between two alkyl groups 
most stable 
CH3CH5 H H H 
H o 60° CH2CH3 H H 
60° 
[2] CH3CHə7 CHCH;CH; И cH, сн; CH,CH; 
1 CH3 3 
2 
60° 60° 
H CH H 4 
H 3 СНа~ H 
ССР CH; 60° н н во 
CH;CH3 H CH 
ur CH3 CHCH; 
5 least stable 
4 
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least stable 


Energy 


most stable 
| 


Eclipsed forms are 
higher in energy. 


Staggered forms 
are lower in energy. 


1 
most stable 


180? 


1209 60° 0? 609 
Dihedral angle 


120? 180° 


(between CH3CHp in back and CH; in front) 


4.51 Two types of strain: 


Torsional strain is due to eclipsed groups on adjacent carbon atoms. 


H 
a. ==: b. : 
coe | 
CH CH3CH3 


CH3 N 


two sites 
three bulky methyl groups close = 
steric strain 


eclipsed conformation = 
torsional strain 


e. 
Steric strain 1s due to overlapping electron clouds of large groups (e.g., gauche interactions). 


HN SH 
CH;CHs 


two bulky ethyl groups close = 
steric strain 
eclipsed conformation = 
torsional strain 


4.52 The barrier to rotation 15 equal to the difference in energy between the highest energy eclipsed 


and lowest energy staggered conformations of the molecule. 
b. CH37C(CHs3)3 


a. CH34CH(CH3) 


| 


CH3 CH; 
HL H UD 
H^ а 4 CH 
H H 
most stable least stable 


Destabilization energy = 


2 H,CH3 eclipsing interactions 
2(6.0 kJ/mol) = 12.0 kJ/mol 


1 H,H eclipsing interaction = 4.0 kJ/mol 
Total destabilization = 16.0 kJ/mol 


16.0 kJ/mol = rotation barrier 


H L H 
| X. 
"ad CH3 
H 


| 


О" 
Hs 
H 


most stable least stable 


Destabilization energy = 


3 НСНа eclipsing interactions 
3(6.0 kJ/mol) = 18.0 kJ/mol 


Total destabilization = 18.0 kJ/mol 


18.0 kJ/mol = rotation barrier 
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4.53 


most stable 


Alkanes 4—29 


HH Hel "TN 
2 H,H eclipsing interactions = 2(4.0 kJ/mol) = 8.0 kJ/mol 
M Since the barrier to rotation is 15 kJ/mol, 
H the difference between this value and the 
destabilization due to H,H eclipsing is the 
least stable destabilization due to Н,СІ eclipsing. 


15.0 kJ/mol — 8.0 kJ/mol = 7.0 kJ/mol 
destabilization due to Н,СІ eclipsing 


4.54 The gauche conformation can intramolecularly hydrogen bond, making it the more stable 


conformation. 


OH О 


H 
4 аа hydrogen bonding 


HOCH; СНОН 


rotation here 


gauche 


Hydrogen bonding can occur only 
in the gauche conformation, 
making it more stable. 


4.55 
axial x 
H чр 
а. Mon axial B OH © HO., d Ton H eq 
a 977 Ы eq но MIT =— eq Hoye 
D H H OH ax 
eq ax 
one up, one down = OH 
trans 
axial up 
Br Br ax m 
2 eq 0 c. Br d. Br un 
[2] снаед CH, Up не NEN Br 
сњеда = Н ед 
H H СН: | 
axial | 
both up = 
cis ax ax 
axial H OH не T 
a H b. e ee d. т ах 
OH 
[3] OHe HO B 
аа! опе up, one down = H OH 


trans 
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4.56 
ax 
ax H 
( H 
d. CH3 
CH eq “~ eqH H eq 
3 
eq СНз СНз 
ах ах 


both groups equatorial 
more stable 


4.57 А cis isomer has two groups on the same side of the ring. The two groups can be drawn both 
up or both down. Only one possibility is drawn. A trans isomer has one group on one side of 
the ring and one group on the other side. Either group can be drawn on either side. Only one 


possibility 1s drawn. 


[1] [2] [3] 
a. | | а. а. Мы on 
cis trans cis trans cis trans 
b. cis isomer b. cis isomer b. cis isomer 
ax ax ax ax 
ax ax eq 
BP а e s d es = 
eq | eq eq 
both groups equatorial larger group equatorial larger group equatorial 
more stable more stable more stable 
c. trans isomer c. trans isomer c. trans isomer 
ax 
a ax 
( — ( eq 
у ed ( Y == а ү = ч. ед 
ед ах 
ед 
| ~ | 
larger group equatorial both groups equatorial both i 
groups equatorial 
more stable more stable more stable 
эша ъ Sce МЕ Е 
The cis isomer is more The trans isomer is more The trans isomer is more 
stable than the trans stable than the cis stable than the cis 
since one conformation has since one conformation has since one conformation has 


both groups equatorial. both groups equatorial. both groups equatorial. 
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4.58 
OH re-draw to see OH 
axial and equatorial 
| - 
e Boma nae 
HO HO 
all equatorial 
menthol 
4.59 
HO—. or 
OH or но 5 
HO О OH 
a. HO он | Нор b. но’ HO "OH 
HB OH 5 
most stable ne on 
All groups are equatorial. 
4.60 
OH 
Онон ОҢ OH OH 
a. с. 
но О он HO. Го HO О, „он 
OH OH 
more stable он но 
More groups are equatorial. constitüttehal'isomer 
онон OH PLOR 
HO О О 
M wo eA он моно o, B а он 
OH HO он OH 
galactose glucose stereoisomer 
All groups are equatorial. 
more stable 
4.61 


same molecular formula C4Hg 


a. ZA and c qo үр? {А 
d an = 
H CH; H H 
CH3 CH3 


different connectivity 


constitutional isomers 1 down, 1 up = 1 down, 1 up = 
trans trans 
same arrangement in three dimensions 
identical 
CH CH 
aile снна 
b. and d. and 

“CHCH 

different arrangement in three dimensions CH2CH3 B 


stereoisomers same molecular formula Сл0Н20 


different connectivity 
constitutional isomers 
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To 


molecular formula: СН; 


and 


Dre 


molecular formula: CgH42 


different molecular formulas 
not isomers 


C - 
CH34CHz2" 
1 down, 1 up = both down = 
trans cis 


different arrangement in three dimensions 
stereoisomers 


4.62 
СНз. -CH CH3 
PE T CH4CH; H 
a. SS LH 
and 
H CH2CH3 | 
I» CH>CH3 
A re-draw | 
CH,-CH-CH—CH;,-CH, _ CH4-CH—CH— CH;CH; 
CH2CH3 


3-ethyl-2-methylpentane 3-ethyl-2-methylpentane 


same molecular formula 
same name 
identical molecules 


4.63 


One possibility: constitutional isomer 


"OX X 
cis 
b е H H 
-OH H OH 
HO CIS 
OH 
CI 
с. 
cis Q 
CI 
CI ci 


ax up 
g. CH3~— up CH2CH3 
eq eq H 
chon, f= and d 
р H up М 
both up = cis both up = cis 


inu alle fad 


same arrangement in three dimensions 
identical 


3,4-dimethylhexane 2,4-dimethylhexane 


same molecular formula CgH4g 
different IUPAC names 
constitutional isomers 


H 
XX, 
b and 
сну “ү Chs 
CH(CH3)2 
|re-draw 


same molecular formula 
different arrangement of atoms 
constitutional isomers 


stereoisomer 
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4.64 
Three constitutional isomers of C7H44: 
1,1-dimethylcyclopentane 1,2-dimethylcyclopentane 1,3-dimethylcyclopentane 
ee: © И б О > © 
trans cis ре - ы cis 
trans 


4.65 Use the definitions from Answer 4.29 to classify the reactions. 


a. сњено = ( 


T CH3 CHBr 
CH3CH,OH 
“~ Ç: > 
сну ^H 


Decrease in the number of C-O Р 
bonds. Reduction Increase in the number of C-Z 
bonds. Oxidation 


b. CH=CH; = H-C=C-H d. CH,CH,OH CH;-CH, 
Decrease in the number of C-H Loss of one C-O 
bonds. Oxidation bond and one C-H 


bond. Neither 


4.66 Use the rule from Answer 4.30. 


flame flame 
а. CH4CHCH;CH;CH(CH3); 7 CO2 + 8Н;О + heat b. 4 CO, + 5 НО + heat 
2 (13/2) O2 
4.67 
2 С-О bonds Уна pene 
H OH 
[1] oo [2] 
О = 
а. ~ 2 C-H bonds 4 C-H bond 
H 
benzene an arene oxide phenol 


[2] loss of 1 C-O bond, 
loss of 1 C-H bond 
neither 


b. Phenol is more water soluble than benzene because it is polar (contains an O-H group) 
and can hydrogen bond with water, whereas benzene is nonpolar and cannot hydrogen 
bond. 


[1]increase in C-O bonds 
oxidation reaction 
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4.68 Lipids contain many nonpolar C-C and С-Н bonds and few polar functional groups. 


OH 
О HO HO 
ДУО о i 
а. HO | | OH с. d. но о 
mevalonic acid estradiol о OH 
many polar functional groups gie HO OH — 
not a lipid few polar functional groups 
a lipid many polar functional groups 
not a lipid 
b. 
squalene 
no polar functional groups 
a lipid 
4.69 
9 ? 
OH COH OH CNHCH5;CH5SO4'Na* 
This polar part of the molecule 
interacts with water. 

HO OH HO OH 

cholic acid | 

a bile acid a bile salt 


This nonpolar part of the molecule 
can interact with lipids to create 
micelles that allow for transport 
of lipids through aqueous environments. 


4.70 The mineral oil can prevent the body's absorption of important fat-soluble vitamins. The 
vitamins dissolve in the mineral oil, and are thus not absorbed. Instead, they are expelled with 
the mineral oil. 


4.71 Cyclopropane has larger angle strain than cyclobutane because the internal angles in the three- 
membered ring (60?) are smaller than they are in cyclobutane. Although cyclobutane is not 
flat, as shown in Figure 4.11, there are more С-Н bonds than there are in cyclopropane, so 
there are more sites of torsional strain. Thus cyclopropane has more angle strain but less 
torsional strain. The result is that both cyclopropane and cyclobutane have roughly similar 
strain energies. 


4.72 The amide in the four-membered ring has 90? bond angles giving it angle strain, which makes 


it more reactive. 
amide 


A H 

= З сн» 

penicillin G Ц AR 
О 

| COOH 


strained amide 
more reactive 
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4.73 
CI I 
Example: [Н Ш Although I is a much bigger atom than СІ, the C-I bond 
is also much longer than the C-CI bond. As a result the 
eclipsing interaction of the H and I atoms is not very much 
HH HH HH HH different in magnitude from the H,CI eclipsing interaction. 
п. P "e P 
0—0, cc, | bond 
H` УН Hd ен onger bon 
H H H H 
4.74 
H H 
ps vs 
decalin trans-decalin cis-decalin 
H H 
H ; 
H 
H ин 
trans | 1,3-diaxial interaction 
cis 
The trans isomer is more stable since . | . | 
the carbon groups at the ring junction are This bond is axial, creating 
both in the favorable equatorial position. unfavorable 1,3-diaxial interactions. 
4.75 Re-draw the ball-and-stick model using chair forms. 
axial CH, H b. All bonds above the ring are on wedges and 
(above) — | 3 all bonds below the ring are on dashed lines. 
HO 
| н н Pon — axial 
equatorial (below) 
(above) A 
4.76 
сн.“ axial 
a, b. CI-—— axial c. The circled H's at one ring fusion are cis. The 
а equatorial boxed in CH3 and Н at the second ring fusion are trans. 
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Ом OF Оу оу, 


pentylcyclopentane — (1,1-dimethylpropyl)cyclopentane — (2-methylbutyl)cyclopentane  (2,2-dimethylpropyl)cyclopentane 


' OF of ом 


(1-methylbutyl)cyclopentane _ (1-ethylpropyl)cyclopentane — (1,2-dimethylpropyl)cyclopentane — (3-methylbutyl)cyclopentane 


о 


= 


4.78 


2-ethyl-7,7-dimethylbicyclo[2.2.1]heptane 6-ethyl-3,3-dimethylbicyclo[3.2.0]heptane 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 5 Stereochemistry 


Chapter Review 


117 


Stereochemistry 5—1 


Isomers are different compounds with the same molecular formula (5.2, 5.11). 


[1] 
They have: 


Constitutional isomers—isomers that differ in the way the atoms are connected to each other. 


e different IUPAC names 
e the same or different functional groups 
e different physical and chemical properties. 


Stereoisomers—isomers that differ only in the way atoms are oriented in space. They have the 


same functional group and the same IUPAC name except for prefixes such as cis, trans, R, and S. 
e Enantiomers—stereoisomers that are nonsuperimposable mirror images of each other (5.4). 
e Diastereomers—stereoisomers that are not mirror images of each other (5.7). 


CH3 CH2CH3 CH3CH; CH3 CH3 CH2CH3 CH34CH; CH3 
\ / \ \ \ А 
“< РА „С— С P 
H` 'H H* ‘H » E ii 
Br Br Br Br Brf Br "hl Hn 
A B C D 
ШЕ enantiomers - ls enantiomers - 
| A and B are diastereomers of С and D. | 


Assigning priority (5.6) 


e Assign priorities (1, 2, 3, or 4) to the atoms directly bonded to the stereogenic center in order of 
decreasing atomic number. The atom of highest atomic number gets the highest priority (1). 
e По atoms оп a stereogenic center аге the same, assign priority based on the atomic number of 


the atoms bonded to these atoms. One atom of higher atomic number determines a higher priority. 
If two isotopes are bonded to the stereogenic center, assign priorities in order of decreasing mass 
number. 

To assign a priority to an atom that is part of a multiple bond, treat a multiply bonded atom as an 
equivalent number of singly bonded atoms. 


(1) 
Br 

(4) Es CHI 
(2) 


CH2CH2CH3 


( 4) сн-с-снгсн,снгснгснь (2) 


CH(CH3)o 
УК) 


highest atomic number = 
highest priority 


ү 


4) H—C-CH,OH 


COOH 


уда 


Iis NOT bonded directly 
to the stereogenic center. 


This is the highest priority C since 
itis bonded to 2 other C's. 


This C is considered 
to be bonded to 3 O's. 


[* = stereogenic center 
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Some basic principles 


e When a compound and its mirror image are superimposable, they are identical achiral 
compounds. A plane of symmetry in one conformation makes a compound achiral (5.3). 

e When a compound and its mirror image are not superimposable, they are different chiral 
compounds called enantiomers. A chiral compound has no plane of symmetry in any 
conformation (5.3). 

e Atetrahedral stereogenic center is a carbon atom bonded to four different groups (5.4, 5.5). 
For n stereogenic centers, the maximum number of stereoisomers is 2" (5.7). 


plane of "1" ; plane of 
symmetry [* = stereogenic center] symmetry 
сна CH, p^ CH CHa CH; сњ 
© С pe ~ (a Р /, 
н [Ун сњон ХН у М УАК 
H Н avr? Cl с! H а! а! 
H CI H H 


по stereogenic centers 1 stereogenic center 2 stereogenic centers 2 stereogenic centers 
| | 4 


Chiral compounds generally contain stereogenic centers. 


A plane of symmetry makes these compounds achiral. 


Optical activity is the ability of a compound to rotate plane-polarized light (5.12). 


e An optically active solution contains a chiral compound. 

e An optically inactive solution contains one of the following: 
e an achiral compound with no stereogenic centers. 
e ameso compound—an achiral compound with two or more stereogenic centers. 
e aracemic mixture—an equal amount of two enantiomers. 


The prefixes R and S compared with d and / 


The prefixes R and 5 are labels used in nomenclature. Rules on assigning R,S are found in Section 5.6. 
e Anenantiomer has every stereogenic center opposite in configuration. If a compound with 
two stereogenic centers has the А, А configuration, then its enantiomer has the 5,5 
configuration. 
e A diastereomer of this same compound has either the R,S or S,R configuration; one 
stereogenic center has the same configuration and one is opposite. 
The prefixes d (or +) and / (or —) tell the direction a compound rotates plane-polarized light (5.12). 
e d(or+) stands for dextrorotatory, rotating polarized light clockwise. 
e l(or—) stands for levorotatory, rotating polarized light counterclockwise. 
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The physical properties of isomers compared (5.12) 


Type of isomer Physical properties 
Constitutional isomers Different 
Enantiomers Identical except the direction of rotation of polarized light 
Diastereomers Different 
Racemic mixture Possibly different from either enantiomer 
Equations 


e Specific rotation (5.120): 


о = observed rotation (°) 
1 = length of sample tube (dm) 
с = concentration (g/mL) 


dm = decimeter 
1 ат = 10 ст 


specific 


rotation 


e  Enantiomeric excess (5.12D): 


96 of one enantiomer — 96 of other enantiomer 


[0] mixture 
[0] pure enantiomer 


x 10096 


Practice Test on Chapter Review 


1.а. Which of the following statements is true for compounds A-D below? 


О о О О 

А в С D 
A and B are separable by physical methods such as distillation. 
A and C are separable by physical methods such as distillation. 
A and D are separable by physical methods such as distillation. 


Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


Un decus pers 


b. Which of the following statements is true about compounds А-С below? 


ÇH2CH; CI, „-CH2CHs CH 
C, 2 „C 
p n 4 7 vet ~ 
СН; bi CH; Br ГА CH,CHg 


A B С 
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A and B are enantiomers. 

A and C are enantiomers. 

An equal mixture of B and C is optically active. 
Statements (1) and (2) are true. 

Statements (1), (2), and (3) are all true. 


Ded һә те 


c. Which compound is a diastereomer of А? 


po ү 


A B С D 
1. Bonly 
2. Conly 
3. Donly 
4. Both B and C 
5. Compounds B, C, and D 


2. Rank the following four groups around a stereogenic center in order of decreasing priority. Rank 
the highest priority group as 1, the lowest priority group as 4, and the two groups of intermediate 
priority as 2 and 3. 


—CH,Cl — CH,CH;Br —COOH —CH,OH 


A B С D 


3. Label each stereogenic center in the following compound as К or 5. 


ВІСН» H 
Aa Ae Н 
CICH 4 b. 
HəN CH=CH, 


4. State how the compounds in each pair are related to each other. Choose from constitutional 
Isomers, enantiomers, diastereomers, or identical compounds. 


CHO H 
H OH H СНОН 


апа 
HO H OHC OH 


b. LT and JO 
CI 
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(> and + "T 


5. The enantiomeric excess of a mixture of A and В is 62% with A in excess. How much of A and 


B are present in the mixture? 


Answers to Practice Test 


l.a.1 2. A-1 3. а. 5 4. a. diastereomers 5. 81% A 
b.2 B-4 b. 5 b. enantiomers 1995 B 
c.3 C2 c. identical 

D-3 


Answers to Problems 


51 


5.2 


5.3 


Cellulose consists of long chains held together by intermolecular hydrogen bonds forming 
sheets that stack in extensive three-dimensional arrays. Most of the OH groups in cellulose are 
in the interior of this three-dimensional network, unavailable for hydrogen bonding to water. 
Thus, even though cellulose has many OH groups, its three-dimensional structure prevents 
many of the OH groups from hydrogen bonding with the solvent and this makes it water 
insoluble. 


Constitutional isomers have atoms bonded to different atoms. 
Stereoisomers differ only in the three-dimensional arrangement of atoms. 


a. ^p and PT & "" and 


2,3-dimethylpentane 2,4-dimethylpentane different connectivity of atoms 
different connectivity of atoms constitutional isomers 
different names 
constitutional isomers 


-О 
b. | | and [р-он а. апа 


four-membered ring three-membered ring 


diff t UN trans isomer cis isomer 
ifferent connectivity of atoms > 
constitutional Somera Both are 1,2-dimethylcyclobutane, 


but the СНз groups are oriented differently. 
stereoisomers 


Draw the mirror image of each molecule by drawing a mirror plane and then drawing the 
molecule's reflection. A chiral molecule is one that is not superimposable on its mirror 
image. A molecule with one stereogenic center is always chiral. A molecule with zero 
stereogenic centers is not chiral (in general). 
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CH3 CH3 
n | 
ci^ Ne ls ее “а 
ME identical iT 
achiral molecule 
CH3 CH3 
b С с 
Вим ZN Br 
uf | а! сі“ Уң 


stereogenic center 


identical _ | 


achiral molecule 


H Br Br H 
zy \: 
d. pe ~ 
F | CH2CH3 СНзСН5 Е 


stereogenic center 


nonsuperimposable mirror images 


nonsuperimposable mirror images 


chiral molecules 


chiral molecules 


5.4 A plane of symmetry cuts the molecule into two identical halves. 


2 H's are behind 
one another. 


"4 


СНз СНз H, Нз СНз fh 
\ 
a. b. з M 5 
сну“ Госњ H H | H Ж, ET 
| cl CI 
one possible | 
plane of symmetry | 


plane of symmetry plane of symmetry plane of symmetry 


5.5 Rotate around the middle C—C bond so that the Br atoms are eclipsed. 


rotate 
CH; here H Bi H Hor 
267 "le^ 
Bn? | ен cH, | јен, 
C2 сз | 


plane of symmetry 


5.6 To locate a stereogenic center, omit all C's with two ог more H's, all sp and sp? hybridized atoms, 
and all heteroatoms. (In Chapter 25, we will learn that the N atoms of ammonium salts [RAN X ] 
can sometimes be stereogenic centers.) Then evaluate any remaining atoms. A tetrahedral 
stereogenic center has a carbon bonded to four different groups. 


H H 
| | 
а. СНзСН»С-СН»СНз b. Соне 
OH 


а 


bonded to 2 identical 
ethyl groups 
0 stereogenic centers 


This C is bonded to 
4 different groups. 
1 stereogenic center 
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H 
| 
с. GHSCPGOPSOR е. (CHj);CHCH; 7C-COOH 
0 stereogenic centers NH2 


stereogenic center 


ÇH 
d. (CHa)2CHCH2CH2—C-CH2CHa f. DM M MP 
Ин | | | 


This C is bonded to 3 C's bonded to 4 
4 different groups. different groups 
1 stereogenic center 3 stereogenic centers 


5.7 Use the directions from Answer 5.6 to locate the stereogenic centers. 


ОН Ол. „МН, 
Н 
| 


CH30 О 
dip сы 4 C's bonded to 4 
different groups 
CH3O 4 stereogenic centers 


aliskiren 


5.8 Find the C bonded to four different groups in each molecule. At the stereogenic center, draw 
two bonds in the plane of the page, one in front (on a wedge), and one behind (on a dash). Then 
draw the mirror image (enantiomer). 


stereogenic center 


а. CH3CH(Cl)CH»CH3 


H а Cl oH 
NS 2? 
pos pow 

CH4 ^ ~CHsCH3 CHCH“ ~CHg 


LN 


mirror images 
nonsuperimposable 
enantiomers 


stereogenic center 


b. _ CH3CH;CH(OH)CH;OH 


н он но Н 
bo © ГА 
CH4CH4^ ~CH,OH HOCH4 ^ ~CH,CH3 


LN | 


mirror images 
nonsuperimposable 
enantiomers 


stereogenic center 


CH3SCH»CHsCH(NH»)COOH 


н NH HN Н 
хс | - of 
CH3SCH;CH4 ^ ~COOH НООС“  ~CH,CH,SCH3 


LN] 


mirror images 
nonsuperimposable 
enantiomers 
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5.9 Use the directions from Answer 5.6 to locate the stereogenic centers. 


| ? | О О 
C bonded to J Ay T 
8. Hand 3 different C's: С. 4 C's bonded to 4 e. О | O^ ^N п 
1 stereogenic center different groups: H 
4 stereogenic centers C bonded to 
H, 2 different O's and 1 C: 
1 stereogenic center 
Cl Each labeled C 


~ is bonded to: NH; ‘ 
b. |> H, Cl, СН», CHCI: d. 2: no stereogenic centers 
CI 2 stereogenic centers COH 


О 
а. b. у 
о 
О 


HO cholesterol simvastatin 


All stereogenic C's are circled. Each C is sp? 
hybridized and bonded to 4 different groups. 


5.10 


5.11 Assign priority based on atomic number: atoms with a higher atomic number get a higher 
priority. If two atoms are the same, look at what they are bonded to and assign priority based 
on the atomic number of these atoms. 


а. -СНь, ы c. -H, -D e. -CH;CH;CI, -СНСН(СН3), 


| 


higher priority higher mass higher priority 


higher priority 


H H 
b. -1, -Br d. -СН,Вг, -СН,СН,Вг f. -CH;OH, "us = —б=0 = с о 
ос 
higher priority higher priority 2H's,1O 20's,1H 2 C-O bonds 


C bonded to 2 O's has 
higher priority. 


5.12 Rank by decreasing priority. Lower atomic number = lower priority. 


Highest priority = 1, Lowest priority = 4 


priority priority 
a.—COOH С = second lowest 3 b. -H H = lowest 4 
atomic number atomic number 
-H H = lowest atomic number 4 -CH3 C bonded to 3 H's 3 
-NH, N = second highest 2 -CI CI = highest 1 
atomic number atomic number 
-OH O = highest atomic number 1 -CH,CI C bonded to 2 H's + 1 CI 2 


decreasing priority: -OH, -NH2, -COOH, -Н decreasing priority: СІ, -CH;CI, -СНз, -H 
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iorit 
РЈУ d. -CH=CH C bonded to 1 H + 2 C's ко 
c. -СН›СНз C bonded to 2 H's + 1C 2 ` 2 
— Џ 3 
—СНз C bonded to 3 H's 3 CH3 C bonded to 3 H's 
—H H = lowest 4 —С=СН C bonded to 3 C's 1 
atomic number 
- H = lowest 4 
-CH(CHg), C bonded to 1 H + 2 C's 1 H lowest "n 


decreasing priority: -CCH(CH3);, -CH2CH3, -CH;, -H decreasing priority: -C=CH, -CH=CH,, —CH;, -H 


5.13 To assign К or 5 to the molecule, first rank the groups. The lowest priority group must be 
oriented behind the page. If tracing a circle from (1) — (2) — (3) proceeds in the clockwise 
direction, then the stereogenic center is labeled R; if the circle is counterclockwise, then it is 


labeled S. 
2 
Cheer снег N 
ü cL» rotate | © на 
| © сен“ хи бе 3 d Pat 
24 `OH gH Зена / C 
CH 2 1 2 
3 HO 
1 hc 1 
counterclockwise counterclockwise lowest priority group clockwise counterclockwise 
S isomer S isomer now back R isomer S isomer 
5.14 
CH30 2 
снаоос, H ©! а! H, dock, 
S 
QUT X ; 
clockwise eet. i 
R isomer Plavix 


5.15 а, b. Re-draw lisinopril as a skeletal structure, locate the stereogenic centers, and assign R,S. 


NH, 


three stereogenic centers 
All have the S configuration. 


5.16 The maximum number of stereoisomers = 2" where n = the number of stereogenic centers. 


а. 3 stereogenic centers b. 8 stereogenic centers 
23 = 8 stereoisomers 28 = 256 stereoisomers 
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5.17 
а. CHgCH2CH(Cl)CH(OH)CH2CH3 b. CH3CH(Br)CH;CH(CI)CHs 
2 stereogenic centers = 4 possible stereoisomers 2 stereogenic centers - 4 possible stereoisomers 
CHCH% CH2CH3 СНзСНЬ CH5CH3 
жеш, loud. H CIH b вн cf H 
aG—G,, SC—C,, r r 
Hof Vo КАА: А 
А в B 
CHCH% CH2CH3 СНзСНЬ pens 
\ \ = з a e 
„о С Py C—C, H Сів? H H BrCl H 
Hf Хон Ho Ун pr 
c D С р 
5.18 
b. CHSCH(OH)CH(CI)CHs 


a. CH3CH(OH)CH(OH)CH3 


2 stereogenic centers = 4 possible stereoisomers 


CH; CH3 CH3 CH3 
\ / \ 
am 7 у 
HO" ‘H H` “OH 
H OH HO 
A B 
CH3 CH3 CH; CH; 
\ / \ / 
pe. pe, 
H 'H H 'H 
HO o OH HO с он 


- 


identical 
C is a meso compound. 
A and B are enantiomers. 


Pairs of diastereomers: A and C, B and C. 


2 stereogenic centers = 4 possible stereoisomers 


CH; CH3 CH; CH3 
N у 
С—С, Bon 
HO 4 үн н \ он 
А B 
CH; CH; CH; CH; 
\ / \ / 
>“ 7 
H ‘H H* ‘H 
H | l H 
о с © а po 


Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, 


B and C, B and D. 


5.19 A meso compound must have at least two stereogenic centers. Usually а meso 
compound has a plane of symmetry. You may have to rotate around a C-C bond to see the 


plane of symmetry clearly. 


CH OH Br 
оњсњ, Pss WE H оше H Br gH 
“ной |. b. но © e Any i 
HO OM ji CH; ві H 
2 stereogenic centers 


2 stereogenic centers plane of symmetry 
no plane of symmetry meso compound 


not a meso compound 


2 stereogenic centers 
plane of symmetry 
meso compound 
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5.20 Use the definition in Answer 5.19 to draw the meso compounds. 


a. BrCH;CH;CH(CI)CH(CI)CH;CH;Br b. HO OH & нм NH2 


нін 
Cla: „с! HO ОТУ OH 
Br. Br СА a % ~ 
нін HN HIH МН, 


plane of symmetry plane of symmetry plane of symmetry 


5.21 The enantiomer must have the exact opposite R,S designations. Diastereomers with two 
stereogenic centers have one center the same and one different. 


If a compound is R,S: 


Its enantiomer is: S,R Exact opposite: R and S interchanged. 


Its diastereomers are: R,R and 5,5 


One designation remains the same, 
the other changes. 


5.22 The enantiomer must have the exact opposite К,5 designations. For diastereomers, at least 
one of the R,S designations is the same, but not all of them. 


a. (2R,3S)-2,3-hexanediol and (2R,3R)-2,3-hexanediol 
One changes; one remains the same: 
diastereomers 
b. (2R,3R)-2,3-hexanediol and (2S,3S)-2,3-hexanediol 


Both R's change to S's: 
enantiomers 


c. (2R,3S,4R)-2,3,4-hexanetriol and (2S,3R,4R)-2,3,4-hexanetriol 


Two change; one remains the same: 
diastereomers 


5.23 The enantiomer must have the exact opposite R,S designations. For diastereomers, at least 
one of the R,S designations is the same, but not all of them. 


HO H HO H 


b. HO H HO H 
R XR 3 3 


c. H OH H OH 


HO < R YES HO CR 5 5 M HO x 5 SR = 
H он HO H H ÔH H OH HO H нон 
sorbitol A B 
One changes; three remain the same. All stereogenic centers change. 
diastereomer 


enantiomers 
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5.24 Meso compounds generally have a plane of symmetry. They cannot have just one 


stereogenic center. 


a. Cr b. 
! 


plane of symmetry 
meso compound 


no plane of symmetry 
not a meso compound 


А == 2 stereogenic centers = 
| -——- 4 stereoisomers maximum 
Draw the cis and trans isomers: 
СНа CH3 
CH3 СН; 


А “7 


identical 


СНа CH3 
trans CX GO 
"CH сна“ 


B С 


5.25 


Pair of enantiomers: B and C. 
Pairs of diastereomers: A and B, A and C. 


Only 3 stereoisomers exist. 


b. "T. m 2 stereogenic centers = 


| | 4 stereoisomers maximum 


Draw the cis and trans isomers: 
cis 


A B 


Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, 
B and C, B and D. 


no plane of symmetry 
not a meso compound 


Cl 


Cl 
Draw the cis and trans isomers: 


Cl CI 

Cl Cl 
А Nu pd 

identical 

С CI 

cr "а 

B p di 
identical 


Pair of diastereomers: A and B. 


Only 2 stereoisomers exist. 


АП 4 stereoisomers exist. 
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5.26 Four facts: 
e Enantiomers are mirror image isomers. 
e Diastereomers are stereoisomers that are not mirror images. 
e Constitutional isomers have the same molecular formula but the atoms are bonded to 
different atoms. 


e Cis and trans isomers are always diastereomers. 


vie il 
and 
a. Cu, Cu 
NH NH c. но—( )-он and ОЕ: 
Br с Cod НОСНЕ 5 `°% \ 
same molecular formula HO 
same R,S designation: 1,4- isomer 1,3-isomer 
identical constitutional isomers 
O0 • O 
x H апа "OH 
N N \ 
same molecular formula, чо trans HO cis 
opposite configuration at one . 
stereogenic center Both 1,3 isomers, 


cis and trans: 


enantiomers : 
diastereomers 


5.27 
a. Мр = same as the S isomer. 
| b. The mp of a racemic mixture is often different from the melting 
a „ин point of the enantiomers. "A 
NH» c. —8.5, same as 5 but opposite sign 

(S)-alanine d. Zero. A racemic mixture 15 optically inactive. 

[0] = 48.5 e. Solution of pure (S)-alanine: optically active 

mp = 297 °С Equal mixture of (R)- and (S)-alanine: optically inactive 

75% (S)- and 25% (R)-alanine: optically active 
5.28 
а о = observed rotation 10° u | 
[0] = 1 = length of tube (dm) [0] = ———————_——— = +100 = specific rotation 
Ixc с = concentration (g/mL) 1 dm x (1 9/10 mL) 


5.29 Enantiomeric excess = ee = % of one enantiomer — % of other enantiomer. 
a. 9596 — 5% = 90% ee b. 8596 — 15% = 70% ee 


5.30 
а. 90% ee means 90% excess of A and 10% racemic mixture of A and B (5% each); therefore, 
95% A and 5% B. 
b. 99% ee means 99% excess of A and 1% racemic mixture of A and B (0.5% each); therefore, 
99.5% A and 0.5% B. 
c. 60% ee means 60% excess of A and 40% racemic mixture of A and B (20% each); therefore, 
80% A and 20% B. 
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5.31 
a. +10 


х 100% = 42% ее 


[0] mixture Ы 


х 100% о] solution 
[o] риге enantiomer b. pem. x 100% = 80% ee 


[0] solution = +19.2 


5.32 


[0] mixture . . 
а: —————— x 100% = 60% ee b. 96 one enantiomer — % other enantiomer = ee 
+3.8 80% – 20% = 60% ее 


[a] mixture = +2.3 80% dextrorotatory (+) enantiomer 


20% levorotatory (-) enantiomer 


5.33 e Enantiomers have the same physical properties (mp, bp, solubility), and rotate the 
plane of polarized light to an equal extent, but in opposite directions. 
e Diastereomers have different physical properties. 
e A racemic mixture is optically inactive. 


trans isomers cis isomer 


A : B С 
4 enantiomers + 
t | 
A and B are diastereomers of C. 

a. The bp's of A and B are the same. The bp's of A and C are different. 
b. Pure A: optically active 

Pure B: optically active 

Pure C: optically inactive 

Equal mixture of A and B: optically inactive 

Equal mixture of A and C: optically active 
c. There would be two fractions: one containing А and B (optically inactive), and one containing С 

(optically inactive). 


5.34 


a, b. 


three stereogenic centers 
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5.35 
S S 
CH; у Боњон CH, ГА он 
EOS -——R <“ _ в 8.Aand B, same К,5 assignment, identical 
"Hf У "ei нон b. A and C, opposite R,S assignment, enantiomers 
A identical B c. A and D, one stereogenic center different, 
diastereomers 
R R d. C and D, one stereogenic center different, 
cH, / Hg CH; / Нсњон diastereomers 
N | N а 
о СС -—— Ss “С—С -——R 
ска \ CI"4 N 
H CH,OH H с! 
С D 


5.36 Use the definitions from Answer 5.2. 


5 CH3 
a. ( у апа dix d " Cr m Le 
Сом | 


one up, one down both up 


same molecular formula C4HgO trans clie 


different connectivity 
constitutional isomers Both compounds are 
1,2-dimethylcyclohexane. 
one cis, one trans = stereoisomers 


b. d Е and 62: d [ and JT 


C5H490 C5HgO 


different molecular formulas 
not isomers 


same molecular formula C7H44 
different connectivity 
constitutional isomers 


5.37 Use the definitions from Answer 5.3. 


сна сна on an 
a. | | c. oj jo e. 
C OHC oH | |но CHO 


О eo 
cu^ ЗЕНОН | | носњ у 


2131 


H OH OH 
Li identical _| Li identical _| chiral 
achiral achiral 
COOH COOH 
b. „|| x d. 
HSCH;^ bs HIN” CH,SH HU “Br Br" “H 
chiral L identical | 


achiral 
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5.38 
CHO CH3 
e a. 
7 ~\0OH H 
CH Уң 2 
A S 
R isomer enantiomer 


CH; HO H 
As с 
H а 
онс“ Nh CH3 CHO 
R S 
identical enantiomer 


5.39 A plane of symmetry cuts the molecule into two identical halves. 


CH3CH H HOH |HO H 
E a р, 
a eii or b. УУ d. 
E нон, ноос соон 8 
-— Напа OH 
H are aligned. The plane of symmetry 


CHCH% 
X 


T 
"bi 


онн, oe 
сг vd V " 


plane of symmetry 


bisects the molecule. 


plane of symmetry 


H 
Бо] 
e^ e. = 


N 
CH2CH3 
no plane of symmetry 


no plane of symmetry 


5.40 Use the directions from Answer 5.6 to locate the stereogenic centers. 


а. CH3CH2CH2CH2CH2CH3 
All C's have 2 or more H's. 
0 stereogenic centers 


b. H 
CHsCH20 7C - CH;CHs 
CH3 
1 stereogenic center 


C. (CH3);CHCH(OH)CH(CH3)o 
0 stereogenic centers 


(CH3)2CHCH2— с- T ps с CHCH; 


ы Сн» 2 CH, CH; 


3 stereogenic centers 


H 
| 

е. Сна C , CH2CHs 
D 


bonded to 4 different groups 
1 stereogenic center 


RA 


Each indicated C bonded to 4 different groups = 
6 stereogenic centers 


HO- 


bonded to 4 different groups 
1 stereogenic center 


69 


All C's have 2 or more H's or 
are sp? hybridized. 
0 stereogenic centers 


+ 


Each indicated C bonded to 
4 different groups = 
2 stereogenic centers 
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"ni 
(е) 


"oH 
UN 


HO | 
OH 


Each indicated C bonded to 4 different groups = 
5 stereogenic centers 


5.41 Stereogenic centers are circled. 


Eight constitutional isomers: " 


CI 
CI 
CI 
а @ d a 
5.42 

NH2 2 2 
amphetamine 

© 7, о СНз H н CH; о 
додоово ево 


ketoprofen 
5.43 Draw a molecule to fit each description. 
b с A 
a. A . 
2 OH 


О 
alcohol ketone cyclic ether 


5.44 Assign priority based on the rules in Answer 5.11. 


a.-CDs, -CH3 с. -CH5CI, -CH;CH;CHSBr 
| | 
D higher mass than H C bonded to CI 
higher priority higher priority 
b. -CH(CH3), -CHsOH d. -CH5NH;, -МНСНз 
C bonded to O higher atomic number 


higher priority higher priority 
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5.45 Assign priority based on the rules in Answer 5.11. 


а. -Е > -OH > -МН» > -CH3 d. -COOH > -CHO > -СН»ОН > -H 


b. -(СН,)зСНз > -CH;CH5;CHs > -CH5CHs > -CH3 e. -CI > -SH > -OH > -СНз 
C. –МН; > -СНМНСН; > -СНМН > -CH3 f. -СЕСН > -СН=СН» > -СН(СнНз), > -CH;CH3 


5.46 Use the rules in Answer 5.13 to assign А or S to each stereogenic center. 


1 
CH 
a. c. | Switch Н and СНз |" 
o" Cus, 
тесна dil о 
D D 
2 3 
КАШ 
| counterclockwise 
РАИ It looks like an S isomer, but we 
isomer must reverse the answer, S to R. 
R isomer 
2 
Cl a) 
b. | switch H and Br L 1 
Bry UT A HU 
mors H (сну В 
3 
clockwise, but H in front counterclockwise 
S isomer М у 
It looks like an S isomer, but we 
must reverse the answer, S to R. 
R isomer 
CH3 нена Hoot NH 
\ Ыы 
е C=C, f \ LH „xel 
ШАША Сн Ж 9. oH h к 
HO \ / СНз | а! 
H 
$, В В, В S 
5.47 


с. (3R,5S,6R)-5-ethyl-3,6-dimethylnonane 


a. (SR)-8-methylhexane 
E H 


CHH 


оњ H H QM 


b. (4R,5S)-4,5-diethyloctane d. (3S,6S)-6-isopropyl-3-methyldecane 


H(CH 
AR~ H CHCH, : Hf (CH3)2 
cC ew 
SNL H CH, 
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(3S)-3-methylhexane (4R,6R)-4-ethyl-6-methyldecane (3R,5S,6R)-5-isobutyl-3,6-dimethyInonane 


5.49 Two enantiomers of the amino acid leucine. 


oo соон 
“н не ~ 
(СНз)>СНСНЬ NH. н,№ СН»СН(СНУ)> 
S isomer R isomer 


naturally occurring 


S cu, CH3CH,0,C 
COOH | М 

а. E b. NH CI с. N 5 

НӨ H NH? 2 ketamine о сон 

он Чора enalapril S S 


5.50 


О 
5.51 
a.1R2s C! ER E d. OH 
~ Cy — enantiomer of (–)-ерћедипе 
C2 | 
ephedrine 


b.1s2s C! он 


: NHCH3 
СҮТ) 
С2 


pseudoephedrine 


diastereomer of (—)-ephedrine 


c. Ephedrine and pseudoephedrine 
are diastereomers (one stereogenic 
center is the same; one is different). 


5.52 
мн; H OH 
| С=С-Н 
о 7 
HO О 
СООН о 
amoxicillin norethindrone 


heroin 
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5.53 
OH 
О 
а. CHgCH(OH)CH(OH)CH;CHs b. СНАСНСНСН(СНа)» с. но у чш 
HO OH 


0 stereogenic centers 
4 stereogenic centers 


2 stereogenic centers 
2^ = 16 possible stereoisomers 


2? = 4 possible stereoisomers 


5.54 
а. CH3CH(OH)CH(OH)CH2CH3 
СНз CH2CH3 СНзСН» СНа CH3 СН>СНз CH4CH5 СНз 
N / \ \ 7: N 
Раш У и“ „C—C «С—С, 
H` ‘H H` H » » И 
HO OH HO OH no v Hof bas 
A B С D 
Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 
b. CH3CH(OH)CH;CHSCH(OH)CHs 
OH 


Ave чылы. | 


OH OH 
A B C mi 
identical 


meso compound 


Pair of enantiomers: A and B. 
Pairs of diastereomers: A and C, B and C. 


с. CH3CH(CI)CH;CH(Br)CHs 
с! 


CI Br Br CI Cl Br Br 
A B 


Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 


d. CH3CH(Br)CH(Br)CH(Br)CH3 
Br Br 


Br Br Br Br 
A B с р 
identical identical 
meso compound 


meso compound 


Pair of enantiomers: B and C. 
Pairs of diastereomers: A and B, A and C, A and D, B and D, C and D. 
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5.55 
HOCH, СНз СНз СЊОН СНз СНОН СНз CHOH 
\ / \ / \ / \ / 
a. PUES pK £X or F~ 
H` 'H H` 'H HO" “H H` “OH 
HO OH HO OH H OH HO H 
enantiomer diastereomer diastereomer 
bn X X^ E ТҮ. t É 
HI IH HI IH IH IH 
enantiomer diastereomer 
NH2 H2N Ным, НМ 
G. or 
OH HO HO но“ 
enantiomer diastereomer diastereomer 
d CH; СН. СН... СН. 
| ог 
“CHCH Снан“ снн“ СНзСН; 
enantiomer diastereomer diastereomer 
5.56 
СНз СНз СН СНз 
«CY cora 
CH3 Сн» ён, ён, 
А 
ћ identical — ^ В c 
meso compound 
Pair of enantiomers: B and C. 
Pairs of diastereomers: A and B, A and C. 
b СНа СНз а | CH3 СНз 
CHY | CH3 v E 
A B 
1 identical — ! 4 identical — | 
Pair of diastereomers: A and B. 
Meso compounds: A and B. 
C. Cl Cl Cl CI, 
C. wt) een ae 
A B С р 
Pairs of enantiomers: A and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 
5.57 


achiral achiral chiral chiral achiral achiral 
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5.58 Explain each statement. 


a. ~~~ All molecules have a mirror image, but only chiral molecules have enantiomers. A is not chiral, and 
therefore, does not have an enantiomer. 


OH 
b. pu B has one stereogenic center, and therefore, has an enantiomer. Only compounds with two or 
more stereogenic centers have diastereomers. 


diastereomer. 


с ми C is chiral and has two stereogenic centers, and therefore, has both ап enantiomer and a 


D has two stereogenic centers, but is a meso compound. 
Therefore, it has a diastereomer, but no enantiomer since 


OH uM it is achiral. 
plane of symmetry 


e. E has two stereogenic centers, but is a meso compound. Therefore, it has a diastereomer, 
ud but no enantiomer since it is achiral. 


plane of symmetry 


5.59 

OHC oa 
V | ОҢ OHC CHOH HOCH, CHO OHC H OHC H 
0—6 " Et £ В ls Fi с \ 9н P a 

H/R R 5 | wy Kn : 

"4S ) | H $. SN p 

Ed CHOH | Ho Roy ное Мон НО 7 CHOH у $ он 
D-erythrose 2S,3R 2R,3R 25,35 28,35 
2R,3R diastereomer identical enantiomer diastereomer 


5.60 Re-draw each Newman projection and determine the R,S configuration. Then determine how 
the molecules are related. 


CH;OH y^^ H CH;OH 
H OH 


CH,OH CHOH 
re-draw B | re-draw re-draw re-draw 
у 
OHC Bs 8 OHC ОН OHC NT OHC Ген T" 
) = HOH 5 5 ACH, 
У н но Hoy 
HO он HO сњон H сњон H Он 
R,R R,R 5,5 S,R 
a. A and B are identical. c. A and D are diastereomers. 


b. Aand C are enantiomers. d. C and D are diastereomers. 
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5.61 
| Agim Jas 
Ane — gs РА 2 о 
rans : — 
2 cis trans = trans н, Nip 
A B С D E 
. . NH» group is in a 
A (trans, R) and B (cis, R) are diastereomers. different location. 
A (trans, R) and C (trans, R) are identical molecules. 
A (trans, R) and D (trans, S) are enantiomers. 
A (trans, R) and E are constitutional isomers. 
5.62 
q T 
ОНО c e m 
<N Br ОМ Br 
P^ ^y H^ № 
enantiomers А 
enantiomers 
CH3 CH3 CH3 H 
CH \ 2^Вг 
b. dc and C) 9. ји and 2—6 
: н” "Br H` 
" H 17 CH, 
same molecular formula 2S,3S 25,35 
different connectivity identical 
constitutional isomers 
H OH 
h. and 
CH3 ye MR Fh idi OH Ho H 
с. b d 
Улан aut We H н 
Ho He Ho | | oH 1,4-trans 1,4-cis 
2R,3S 2R,3R diastereomers 
one different configuration i 
diastereomers and нон, 
СНз H 
а. EN 135-5 1,3-trans 
and diastereomers 
different molecular formulas B d 
not isomers ronen 
HO CH; CH CHOH 
А Ji Ко i. d and d 
| V and H^ "cHjBr він 
mirror images fer in middle 
not ы different connectivity 
enanemers constitutional isomers 
5.63 


a. A and B are constitutional isomers. 
A and C are constitutional isomers. 
B and С are diastereomers (cis and trans). 
C and D are enantiomers. 
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plane of symmetry 


b. К 
А в с р 
Nu па ИН achiral chiral chiral 
achiral 


mirror images and not 
superimposable 
enantiomers 


c. Alone, С and D would be optically active. 

d. A and B have a plane of symmetry. 

e. A and B have different boiling points. 
B and C have different boiling points. 
С and D have the same boiling point. 

f. Bisa meso compound. 

g. An equal mixture of C and D is optically inactive because it is a racemic mixture. 
An equal mixture of B and C would be optically active. 


5.64 


[0] mixture 


x 100% 


[0] pure enantiomer 


quinine = A 
quinine's enantiomer - B 


quinine 
a. b. 3096 ee = 3096 excess one compound (А) 
—50 remaining 70% = mixture of 2 compounds (35% each A and B) 
T x 10096 = 3096 ee Amount of A = 30 + 35 = 6596 
Е Amount of B = 35% 
50% ee = 50% excess one compound (А) 
-83 « 100% = 50% ее remaining 5096 = mixture of 2 compounds (2596 each A and B) 
—165 Amount of A = 50 + 25 = 75% 
Amount of B = 2596 
7396 ee = 7396 excess of one compound (A) 
-120 x 100% = 73% ee remaining 2796 = mixture of 2 compounds (13.596 each A and B) 
—165 ad Amount of A = 73 + 13.5 = 86.596 
Amount of B = 13.5% 
ixt 
c. [o] = +165 а. возь = . Pimbture _ , 100% 
d. 8096 — 20% = 60% ee —165 


[0] mixture = —99 
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5.65 
OH 
HO 
sq НСІ, НО COOH-— only one of the 
лез а. products formed 
"s mandelic acid 
a. The 11 — — are circled. Maximum number of stereoisomers = 211 = 2048 
b. Enantiomers of mandelic acid: 
H OH H 
[s D 
c. 60% — 40% = Кы ее 
20% = [a] mixture/-154 x 100% 
[0] mixture = —31 
+50 | 
ЈЕ o, — 3296 3276 excess of the S enantiomer 
iid 4154 x 100% = 32% ee 89% of racemic R and S = 34% S and 34% R 
[a] for (S)-mandelic acid = +154 S enantiomer: 32% + 34% = 66% 
В enantiomer = 34% 
5.66 
sp? a. Each stereogenic center is circled. 
| b. The stereogenic centers in mefloquine are 
CF3 
labeled. 


c. Artemisinin has seven stereogenic centers. 
2" =2' = 128 possible stereoisomers 

d. One N atom in mefloquine is sp’ and one is 
sp. 

e. Two molecules of artemisinin cannot 
intermolecularly H-bond because there are 
no O-H or N-H bonds. 
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5.67 


a. Each stereogenic center is circled. 


saquinavir 
Trade name: Invirase (CH3)4C 


b. enantiomer 


C. diastereomer 


О 5 A 
осомњ O= | 
NH 
(СНз)зС 


d. constitutional іѕотег 


BH -—— new amine 


~ о 
22 
N NON 
О M OH . 
H um H 
NH 
(Снз)зС 


new aldehyde 


5.68 Allenes contain an sp hybridized carbon atom doubly bonded to two other carbons. This makes 
the double bonds of an allene perpendicular to each other. When each end of the allene has two 
like substituents, the allene contains two planes of symmetry and it is achiral. When each end 
of the allene has two different groups, the allene has no plane of symmetry and it becomes 
chiral. 


no plane of symmetry 
A chiral 


These two substituents are at 90? to these two substituents. 


Allene A contains two planes of symmetry, 
making it achiral. 


HCzC-CzC4CH-C-zCH1CH-ZCH- CHZ CHCH;CO;H 


allene mycomycin 
re-draw 
HC=C—C=C. CH=CH-CH=CHCH,CO3H 
N Á 
„= С= eq 
H H 


The substituents on each end of the allene in mycomycin 
are different. Therefore, mycomycin is chiral. 
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5.69 


5.70 


OH discodermolide 


a. The 13 tetrahedral stereogenic centers are circled. 

b. Because there is restricted rotation around a C-C double bond, groups on the end of the 
double bond cannot interconvert. Whenever the substituents on each end of the double bond 
are different from each other, the double bond is a stereogenic site. Thus, the following two 
double bonds are isomers: 


н н Нов 
These compounds аге isomers. 
There are three stereogenic double bonds in discodermolide, labeled with arrows. 
c. The maximum number of stereoisomers for discodermolide must include the 13 tetrahedral 


stereogenic centers and the three double bonds. Maximum number of stereoisomers 
= 2 = 65,536. 


5.71 When the spiro compound has a plane of symmetry, it is achiral. 


achiral chiral achiral chiral 


144 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 5-28 


5.72 
racemic a ог salts formed by proton transfer 
2-phenylpropanoic acid | 
– + 
| соон“ ~ соо H RH; 
| H NH; + poe 
Сен * NUH R 
(T ‘cH, + Р pL CH, 
S (R)-sec-butylamine S + 
enantiomers diastereomers 
не = e" "он їн» 


H NH; 


me Ne pa 
AU. X АӨИ. 
R 


(R)-sec-butylamine 


These salts are diastereomers, and they are now 
separable by physical methods since they have 


different physical properties. 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


145 


Understanding Organic Reactions 6-1 


Chapter 6 Understanding Organic Reactions 


Chapter Review 


Writing organic reactions (6.1) 


Use curved arrows to show the movement of electrons. Full-headed arrows are used for electron 
pairs and half-headed arrows are used for single electrons. 


| | 
G с. 
M | 


б | 
| | 


full-headed arrow 


| 
+ -Z m 


half-headed arrows 


Reagents can be drawn either on the left side of an equation or over an arrow. Catalysts are 
drawn over or under an arrow. 


Types of reactions (6.2) 


[1] Substitution | 


=ч tY cd + 7 7 = Н ог а һеїегоаїот 
Y replaces Z 
[2] Elimination | | и 
—C—C— + reagent —— C=C + ХУ 
| | 
4 х Y^ / | \ 
Two o bonds are broken. n bond 
[3] Addition Mer | | 
Pu N Ц 7 oe 
| CX Y 


This x bond is broken. Two c bonds are formed. 


Important trends 


Values compared 


Trend 


Bond dissociation 
energy and bond 
strength 


The higher the bond dissociation energy, the stronger the bond (6.4). 


Increasing size of the halogen 
же ———ү————Є——————_— 


CH3—F СНз С CH3—Br CH3—I 


AH? = 456 kJ/mol 351 kJ/mol 293 kJ/mol 234 kJ/mol 


E 
Increasing bond strength 
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E, and reaction rate The /arger the energy of activation, the slower the reaction (6.9A). 


larger E, — slower reaction 


---- slower reaction 
— faster reaction 


Energy 


Reaction coordinate 


E, and rate constant | The higher the energy of activation, the smaller the rate constant (6.9B). 


Equilibrium always favors the species lower in energy. | 


С° reactants —7— 


G? products 


AG? «0 | Keg 2 1 


AG°>0 | Кеа<1 


Free energy 


G? products more stable products 


Free energy 


С° reactants ——— more stable reactants 


Equilibrium favors the starting materials. | Equilibrium favors the products. | 


Reactive intermediates (6.3) 


e Breaking bonds generates reactive intermediates. 
e  Homolysis generates radicals with unpaired electrons. 
e  Heterolysis generates ions. 


А eats General structure Reactive feature Reactivity 
intermediate 
| : " 
radical B unpaired electron electrophilic 
А | itive charge; m 
carbocation —с+ pos ~ electrophilic 
| only six electrons around C 
| | t negative charge; К 
carbanion d = RAUS Ae nucleophilic 
| lone electron pair on C 
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Energy diagrams (6.7, 6.8) 


transition state 


| E4 determines the rate. 


Energy 


reactants Tair AH? is the difference in bonding energy 
between the reactants and products. 


products 


Reaction coordinate 
Conditions favoring product formation (6.5, 6.6) 


Variable Value | Meaning 
Keq Ка > 1 | More product than starting material is present at equilibrium. 


AG? AG?«0 | The energy of the products is lower than the energy of the reactants. 


Am AH? <0 | Bonds in the products are stronger than bonds in the reactants. 


AS? AS°>0 | The product is more disordered than the reactant. 


Equations (6.5, 6.6) 


AG? --2.303RT log Кеа 


| | Аб° = AH? - TAS? 
Keq depends on the energy difference free energy change in change in 
between reactants and products. change bonding energy disorder 


| T = Kelvin temperature (К) | 


В = 8.314 Ш/(К+то!), the gas constant 
T = Kelvin temperature (К) 


Factors affecting reaction rate (6.9) 


Factor Effect 
energy of activation higher E, — slower reaction 
concentration higher concentration — faster reaction 
temperature higher temperature — faster reaction 
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Practice Test on Chapter Review 


1. Label each statement as TRUE (T) or FALSE (Е) for a reaction with Keg = 0.5 and E; = 18 kJ/mol. 
Ignore entropy considerations. 


a. The reaction is faster than a reaction with Keq = 8 and Е, = 18 kJ/mol. 
b. The reaction is faster than a reaction with Keq = 0.5 and Е, = 12 kJ/mol. 
c. AG? for the reaction is a positive value. 
d. The starting materials are lower in energy than the products of the reaction. 
e. Thereaction is exothermic. 
2. a. Which of the following statements is true about an endothermic reaction, ignoring entropy 
considerations? 
1. The bonds in the products are stronger than the bonds in the starting materials. 
2. Ка<1. 
3. А catalyst speeds up the rate of the reaction and gives a larger amount of product. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


b. Which of the following statements is true about a reaction with Keg = 10? and E, = 2.5 kJ/mol? 
Ignore entropy considerations. 


МЕ or qeu 


The reaction is faster than a reaction with E, = 4 kJ/mol. 

The starting materials are higher in energy than the products of the reaction. 
AG? is positive. 

Statements (1) and (2) are both true. 

Statements (1), (2), and (3) are all true. 


3. a. Draw the transition state for the following reaction. 


CH; сн» 
| CH; + но -  Ọ=CH + њо" 
CH; сна 


b. Draw the transition state for the following one-step elimination reaction. 


jab 
CH;CH;-C-6—Br + OCH, 
H H 


CH,CH;CH-CH; + CHOH + Br 
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Answers to Practice Test 


l.a.F 2.a.2 3. a. b 
b. F b. 4 г " 5 
С. Т CH3 + H-- -QCH t 
d. T C= “Che 5+ H 
e. F СН нон CH,CH;-6-7C- -Ër 
H H Ô 


Answers to Problems 


6.1 


[1] In a substitution reaction, one group replaces another. 
[2] In an elimination reaction, elements of the starting material are lost and a л bond is formed. 
[ 


3] In an addition reaction, elements are added to the starting material. 


deg 


Br replaces OH = 
substitution reaction 


(Оку * 
| 


b. ( o 


addition of 2 H's 
addition reaction 


0 
C. 
CH; СОН» 


| 


(H + OH) 


— 


CH3CH»CH(OH)CH3 


elements lost 


9 
Cy 
сну `СНСІ 


Cl replaces H = 
substitution reaction 


— CH3CH=CHCHs 


т bond formed 


elimination reaction 


6.2 Heterolysis means one atom gets both of the electrons when a bond is broken. A carbocation 
is a C with a positive charge, and a carbanion is a C with a negative charge. 


heterolysis 
CH3 
| A 
a. оњ-6 6н 
CH3 


Electrons go to the more 
electronegative atom, O. 


heterolysis 


b. CX 


Electrons go to the more 


electronegative atom, Br. 


heterolysis 


c. CH3CHp!Li 


Electrons go to the more 
electronegative atom, C. 


CHs 
ds E C) + ве сњењ № 
CHs carbanion 


carbocation 


carbocation 
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6.3 Use full-headed arrows to show the movement of electron pairs, and half-headed arrows to 
show the movement of single electrons. 


CH 
+ Duet Y ~ ees 
a. ioe ЕН — + _ (СНајзст + :N=N: с. CH3-C + Во —— CHs-C-Br: 
СНз СН 
b. “CH3 + СНз — CH3—-CH3 а. нҮн —— 2HQ- 


6.4 Increasing number of electrons between atoms = increasing bond strength = increasing bond 
dissociation energy = decreasing bond length. 


Increasing size of an atom = increasing bond length = decreasing bond strength. 


a. H-Cl ог H4Br b. CH3-OH ог  CH4—-8H C. (CH3;C—O ог тик: 
Br is larger than CI. S is larger than O. | 
Чат ш higher bond Шү а : fewer elecirons 
higher bond dissociation energy ^ Pun higher bond 
dissociation energy 


dissociation energy 


6.5 To determine ЛА? for a reaction: 


[1] Add the bond dissociation energies for all bonds broken in the equation (+ values). 


[2] Add the bond dissociation energies for all of the bonds formed in the equation (— values) 
[3] Add the energies together to get the AH? for the reaction. 


A positive AH? means the reaction is endothermic. A negative AH" means the reaction is 
exothermic. 


a. СЊСЊ—Вг + НО  —— OCH4CH,-OH + НВг 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AH? (kJ/mol) AH? (kJ/mol) sum in Step [1] 
+ 
CH4CH;-Br + 285 CH3CH2-OH -393 sum in Step [2] 
H-OH +498 H-Br -368 
+783 kJ/mol 
Total +783 kJ/mol Total — 761 kJ/mol 
— 761 kJ/mol 


ANSWER: + 22 kJ/mol 


endothermic 
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b. CH4 + Cl; ——* СНА + HCI 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) AHP (kJ/mol) sum in Step [1] 
CHs5-H + 435 CHs- CI — 851 sum in Ka [2] 
CI-CI + 242 H-CI — 481 
Total 677 kJ/mol Total 782 kJ/mol dde 
ota * mo ota = то _ 782 kJ/mol 


ANSWER: — 105 kJ/mol 
exothermic 


6.6 Use the directions from Answer 6.5. In determining the number of bonds broken or formed, 
you must take into account the coefficients needed to balance an equation. 


а. СН, + 20, CO, + 260 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) AHP (kJ/mol) sum in Step [1] 
T 
CH3-H + 435х4= +1740 OC-O -535x22-1070 sum in Step [2] 
О-О +497x2= +994 HO-H - 498 x 4 = – 1992 
+ 2734 kJ/mol 
Total + 2734 kJ/mol Total = 2 kJ/mol 
a e SERES — 3062 kJ/mol 
ANSWER: -328 kJ/mol 
b. 2CH3CH3 + 70, 4CO, + 6Њ0 
[1] Вопа5 бгокеп [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) AHP (kJ/mol) sum in Step [1] 
T 
CH3CH5-H +410 x 12 = + 4920 OC-O -535х8 = - 4280 sum in Step [2] 
О-О +497х7 = + 3479 HO-H - 498 х 12 = – 5976 
- = + 9135 kJ/mol 
Poe. а вы Total — 10256 kJ/mol Pond a dud 
Total + 9135 kJ/mol E Ne 


ANSWER: - 1121 kJ/mol 


6.7 Use the following relationships to answer the questions: 
И Кеа = 1, then AG? = 0; if Ка > 1, then AG? < 0; if Keq < 1, then AG? > 0. 


а. A negative value of AG? means the equilibrium favors the product and Keg is > 1. 
Therefore, Кеа = 1000 is the answer. 

b. A lower value of AG? means a larger value of Keq, and the products are more favored. 
Ка = 10? is larger than Keg = 107, so AG? is lower. 
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6.8 Use the relationships from Answer 6.7. 


a. 


b. 


Keq = 5.5. Keq > 1 means that the equilibrium favors the product. 
AG? — 40 kJ/mol. A positive AG? means the equilibrium favors the starting material. 


6.9 When the product is lower in energy than the starting material, the equilibrium favors the product. 
When the starting material is lower in energy than the product, the equilibrium favors the 
starting material. 


a. 


b. 


AG? is positive, so the equilibrium favors the starting material. Therefore the starting 
material is lower in energy than the product. 

Keq is > 1, so the equilibrium favors the product. Therefore the product is lower in energy 
than the starting material. 


c. AG? is negative, so the equilibrium favors the product. Therefore the product is lower in 


d. 


6.10 


све 


energy than the starting material. 
Keq is < 1, so the equilibrium favors the starting material. Therefore the starting material is 
lower in energy than the product. 


H 


осн, Keq = 2.7 


Н 


OCH; 


. The Keq is > 1, so the product (the conformation on the right) is favored at equilibrium. 
. The AG? for this process must be negative, because the product is favored. 
c. 


AG? is somewhere between 0 and –6 kJ/mol. 


6.11 A positive ДА? favors the starting material. A negative ДА? favors the product. 


a. 


b. 


6.12 


6.13 


ово тв 


оро св 


АР? is positive (80 kJ/mol). The starting material is favored. 
АР? is negative (-40 kJ/mol). The product is favored. 


False. The reaction is endothermic. 


. True. This assumes that AG? is approximately equal to АНУ. 


False. Keg l. 


. True. 


False. The starting material is favored at equilibrium. 


True. 


. False. AG? for the reaction 15 negative. 


True. 


. False. The bonds in the product are stronger than the bonds in the starting material. 


True. 
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6.14 


transition 


product 


Energy 


starting 
material 


Reaction coordinate 
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6.15 A transition state is drawn with dashed lines to indicate the partially broken and partially formed 
bonds. Any atom that gains or loses a charge contains a partial charge in the transition state. 


6.16 


Energy 


сна СНз 
а. Снз-С-ОН» CHa-Ç+ + њо 
сна Chs 
СНз ., | + 
a | $9 
transition state: |сн;=с- - -Он, 
| ~ 
CH3 
transition 
state 2: E 


transition 
state 1: D 


6.17 


Energy 


Reaction coordinate 


reactive 
intermediate 


transition 
state 1 


transition 
state 2 
Ea2 
ПН% 


yo 
Он overall 


Reaction coordinate 


CH’ a-g = endothermic 


о со с» 


= 


b. СЊО-Н + “он 


5 


transition state: |СНзО---Н---ОН 


Reaction A-C is exothermic. 
Reaction A-B is endothermic. 

. Reaction A-C is faster. 

Reaction A-C generates а lower- 
energy product. 

d. See labels. 

See labels. 

. See labels. 


tho 


OH” a-c = exothermic 


. Two steps, because there are two energy barriers. 
. See labels. 

. See labels. 

. One reactive intermediate is formed (see label). 

. The first step 1$ rate-determining, because its 


transition state is at higher energy. 


. The overall reaction 15 endothermic, because the 


energy of the products is higher than the energy 
of the reactants. 
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6.18 


relative energies: C < А < B 
B — C is rate-determining. 


Energy 


Reaction coordinate 


6.19 Ea, concentration, and temperature affect reaction rate. AH°, ДО“, and Keq do not affect 
reaction rate. 


а. Ea = 4 kJ/mol corresponds to a faster reaction rate. 

b. A temperature of 25 ?C will have a faster reaction rate, because a higher temperature 
corresponds to a faster reaction. 

c. No change: Кеа does not affect reaction rate. 

d. No change: ЛА? does not affect reaction rate. 


6.20 
a. False. The reaction occurs at the same rate as a reaction with Keq = 8 and E, = 80 kJ/mol. 
b. False. The reaction is slower than a reaction with Keq = 0.8 and E; = 40 kJ/mol. 
c. True. 
d. True. 
e. False. The reaction is endothermic. 


6.21 АП reactants in the rate equation determine the rate of the reaction. 


[1] rate = k[CH3CH2Br][ OH] [2] rate = k[(CH3);COH] 

a. Tripling the concentration of CH3CH;Br a. Doubling the concentration of (CH3)3COH — 
only > The rate is tripled. The rate is doubled. 

b. Tripling the concentration of OH only | b. Increasing the concentration of (CH3);COH by 
The rate is tripled. a factor of 10 — The rate increases by а 

c. Tripling the concentration of both factor of 10. 


CH3CH2CH2Br and OH The rate 
increases by a factor of 9 (3 x 3 = 9). 


6.22 The rate equation is determined by the rate-determining step. 


B one step 
CH2-CH, + ЊО + Br гаје = k/CH,CH;Br]-OH] 


а. СНзСН›-Вг + СОН 


> two steps 
(CH) c* ОН. (СНз)>С=СН› + HO The slow step determines the rate equation. 
slow Br fast гаје = k[(CH3)3CBr] 


b. (CH3&C—Br 
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6.23 A catalyst is not used up or changed in the reaction. It only speeds up the reaction rate. 


OH and H are added to Н» adds to the starting material. 
the starting material. I- not used up - catalyst. о OH 
њо Е Н 
a. CH=CH; = сњењон b. СНС І CH34OH ©: pu = PN 
HSO, -OH Pt 
H5SO, is not used up = catalyst. -OH substitutes for СГ. Pt not used up - catalyst. 
6.24 
M H 
H . 
а: Ө; Cy + H 
radical 
H H 
b. CH; G OH - CH c+ + Сон 
H H 
carbocation 
6.25 
propane propene 
CH3—CH,CH3 "СНз + -CH2CH3 СНз—СН=СНЬ СНз + - CH=CH; 
АН = 356 kJ/mol AHP = 385 kJ/mol 
This bond is formed from two sp? This bond is formed from one sp? and one 
hybridized C's. sp? hybridized C. The higher percent s- 


character in one C makes a stronger bond; 
thus, the bond dissociation energy is higher. 


6.26 Use the directions from Answer 6.1. 


HO OH o 
8 о e 
a. — с. PN EN 
elements lost x bond formed addition of 2 H's 
(Н + OH) addition reaction 
elimination reaction 
О о 
H H И C 
ин Ра on 
Cl replaces H = H replaces Cl = 


substitution reaction substitution reaction 
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6.27 Use the rules in Answer 6.3 to draw the arrows. 


ОУУ ‘Br: 
" C жь = Е ‘Br? d. МИ + :ВгВг: == # pw + Br 


12 7T me .. Т 
-C =y FE E ES д Ene 
b. CH; T CH3 сн ^ch, "СЕ е. CHCHọņBr: + т0н ——- CH&CH;OH + :Br 
PTS a Che dI SN C. н. 
с. "CH. + >С: —— СНС: f. C— C-H + 30H —— С=О + HÖ: 
СНз H | СНз H 
6.28 
a eo ва МАН HOH 
20:22 — Ore 1 о “нон — 050 HO + dr 
H :Вг: H H 
90 i CN, a, н 
b. CHs-Ç-CH:CH:CH; — ch vsu CUP 0 С: TEN 
:OCH;CHs У 2 2s Н = 


+ "10CH;CHs 
6.29 Draw the curved arrows to identify the product X. 


Br: 
Cpe + в H, Ga os d Br: NN CX 
V e ÓH 


A B X 


6.30 Follow the curved arrows to identify the intermediate Y. 


CO;H E iN 
yi кчө, 
| 
Qs n < 
С D Y 
6.31 Use the rules from Answer 6.4. 
а. I—CCl, Br—CCl, CI—CCl, b. Н>М-МНЬ HN=NH N=N 

largest halogen intermediate smallest halogen single bond double bond triple bond 
weakest bond bond strength strongest bond weakest bond intermediate strongest bond 


bond strength 
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6.32 Use the directions from Answer 6.5. 


а. CHSCHo;-H + Br; = СЊСЊ—Вг + НВг 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) АН? (kJ/mol) 
CH3CH2—H +410 CH3CH»—-Br — 285 4 602 kJ/mol 
Br-Br + 192 H-Br — 968 — 653 kJ/mol 
Total + 602 kJ/mol Total — 653 kJ/mol ANSWER: - 51 kJ/mol 


b. -OH + CH —- СНз + НО 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AH? (kJ/mol AH? (kJ/mol о 
Een “ine -498 kJ/mol 
CH3—H +435 kJ/mol H—OH —498 kJ/mol 


ANSWER: -63 kJ/mol 


с. CH3;-OH + HBr —— CH3;-Br + HO 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) АН? (kJ/mol) 
СНз-ОН +389 СНз-Вг — 293 4 757 kJ/mol 
H-Br + 368 H- OH — 498 — 791 kJ/mol 
Total +757 kJ/mol Total — 791 kJ/mol ANSWER: - 34 kJ/mol 


d. -Br + CH, ——- -H + CHBr 


[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
+ 435 kJ/mol 
AH? (kJ/mol) AH? (kJ/mol) _ 293 kJ/mol 
CH3—H +435 kJ/mol СНз—Вг -293 kJ/mol 


ANSWER: + 142 kJ/mol 


6.33 
hybrid: 
ji AAAI Й i à й 
сн;=сн—с–н = CH une H = -  CH?-CH—C-H О ИН COH 
H 
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6.34 The more stable radical is formed by a reaction with a smaller АНУ. 


H 
CH4-CH,—C-H - CHg9-CH,—6C-H AH? = 410 kJ/mol = less stable radical 
p | 
This С-Н bond is stronger. A 
h : 
CH3 С CH3 > CH, C CH3 AH? = 397 kJ/mol = more stable radical 
H H 
This C-H bond is weaker. B 


Because the bond dissociation for cleavage of the C-H bond to form radical A is higher, more 
energy must be added to form it. This makes A higher in energy and therefore less stable than B. 


6.35 Use the rules from Answer 6.9. 
а. Кеа = 0.5. Keg is less than one, so the starting material is favored. 
b. AG? = –100 kJ/mol. AG? is less than 0, so the product is favored. 
c. AH? = 8.0 kJ/mol. ЛН? is positive, so the starting material is favored. 
d. Ка = 16. Keqis greater than one, so the product is favored. 
e. AG? = 2.0 kJ/mol. AG? is greater than zero, so the starting material is favored. 
f. AH? = 200 kJ/mol. AH? is positive, so the starting material is favored. 
g. AS? = 8 J/(Kemol). AS? is greater than zero, so the product is more disordered and favored. 
h. AS? = —8 J/(K*mol). А5 is less than zero, so the starting material is more disordered and 
favored. 


6.36 
а. A negative AG? must have Keq > 1. Ка= 107. 
b. Keg = [products]/[reactants] = [1]/[5] = 0.2 = Keg. AG? is positive. 
с. A negative AG? has Keg > 1, and a positive AG? has Keg < 1. AG? = —8 kJ/mol will have a 


larger Ka. 
6.37 
R axial R Keg 
equatorial 
1 м o Оа -CHy 18 
H —СН>СНз 23 


-СН(СНз) 38 
—С(СНз)з 4000 
а. The equatorial conformation is always present in the larger amount at equilibrium, because 
the Keq for all R groups is greater than 1. 
b. The cyclohexane with the -С(СНз)з group will have the greatest amount of equatorial 
conformation at equilibrium, because this group has the highest Keg. 
c. The cyclohexane with the –СНз group will have the greatest amount of axial conformation 
at equilibrium, because this group has the lowest Keg. 
d. The cyclohexane with the -C(CH3)s group will have the most negative ДО“, because it has 
the largest Keg. 
e. The larger the R group, the more favored the equatorial conformation. 
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f. The Keq for tert-butylcyclohexane is much higher because the tert-butyl group is bulkier than the 
other groups. With a tert-butyl group, a CH; group is always oriented over the ring when the 
group 15 axial, creating severe 1,3-diaxial interactions. With all other substituents, the larger СНз 
groups can be oriented away from the ring, placing a H over the ring, making the 1,3-diaxial 
interactions less severe. Compare: 


tert-butylcyclohexane isopropylcyclohexane 
сна. „СНз н. СН 
н “CCH; н Ссн 
H H 
severe 1,3-diaxial interactions with less severe 1,3-diaxial interactions 


the CH3 group and the axial H's 


6.38 Calculate Keq, and then find the percentage of axial and equatorial conformations present at 


equilibrium. 
F (axial) а. П6° =-5.909 Keg 
T | 06° =-1.0 kJ/mol 
—— VM (equatorial) _1.0 kJ/mol = -5.9log Keq 
H Keg = 1.5 


fluorocyclohexane 


1 part 1.5 parts b. Keg = [products]/[reactants] 
1.5 = [products]/[reactants] 
1.5[reactants] = [products] 
[reactants] = 0.4 = 40% axial 
[products] = 0.6 = 60% equatorial 


6.39 Reactions resulting in an increase in entropy are favored. When a single molecule forms two 
molecules, there is an increase in entropy. 


poc УМУ +; £^. increased number of molecules 
a. Lm AS? is positive. 
products favored 
CHCH; decreased number of molecules 
AS? is negative. 
starting material favored 

(CHgeC-O + Но increased number of molecules 

AS? is positive. 

products favored 
CHCOOH + CH30H no change in the number of molecules 

neither favored 


C. (СНз)>С(ОН)? 


d. снасоосна + H0 


6.40 Use the directions in Answer 6.15 to draw the transition state. Nonbonded electron pairs are 
drawn in at reacting sites. 


Br: А Е 
а. Cy mni © + b. BR + Ĝi — РВВ: 
8- F 


t transition F F 


transition б®Вг: : j^ "us 
state: д state; F—B; -Cl: 
pg 


Chapter 6–16 


ÓH 
5 


transition 
state: 


Reaction coordinate 


*one step A— B 
* exothermic since 
B lower than A 
* low Ea 
(small energy barrier) 


6.42 
па Мы 
b. :Cl « CH, > 


[1] Bonds broken 


Reaction coordinate 
‚опе step A—B 
* endothermic since 

B higher than A 
*high Ea 

(large energy barrier) 


-CH + HCE 


„сна + НСІ 


[2] Bonds formed 


E on ii 
od 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


cH, M Chs H " 
d C—C-H + H;O C=C + H0 
"4 | 7 N 
CH; H CH3 H 
t 
H 
transition CH3 a 5* 
state: фен Oe 
СНз H 
С а. 
16 kJ/mol 


LH? = -80 kJ/mol 
B 


Reaction coordinate 

*onestep А — B 

* exothermic since 
B lower than A 


Reaction coordinate “H° overall 


*two steps 

* A lowest energy 

* B highest energy 

* Ез(А-В) is rate- 
determining, 
since the transition 
state for Step [1] is 
higher in energy. 


[3] Overall AH? = 


+ 435 kJ/mol 
AH? (kJ/mol) АН (kJ/mol) – 431 kJ/mol 

CH3—H +435 kJ/mol H-CI – 431 kJ/mol 
ANSWER: +4 kJ/mol 


Energy 


пне } 


Reaction coordinate 


16 kJ/mol 


= 4 kJ/mol 


d. The Е, for the reverse reaction is the difference in energy 
between the products and the transition state, 12 kJ/mol. 
16 kJ/mol 


Energy 


Reaction coordinate 
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6.43 


Energy 


об» 


Reaction coordinate 


6.44 
o CH; 
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. B, D, and F are transition states. 


C and E are reactive intermediates. 
The overall reaction has three steps. 


. А-С is endothermic. 


C-E is exothermic. 
E-G is exothermic. 


. The overall reaction is exothermic. 


d 


+ СНз С [on 


C 
сну `OH 
СНз 


снз-с-он 
CH 


Since pK, (CH3CO5;H) = 4.8 and pK, [(CH3)3COH] = 18, the weaker acid is formed as product, 
and equilibrium favors the products. Thus, ДА? is negative, and the products are lower in 


energy than the starting materials. 


transition state: 


ji CH 
26.87 sis 
CHy~O----H---O-C—CH, 
CH3 
6.45 
"£s — 


[1] 


H 
CX 
H 


Energy 


transition 


starting mss E 
materials + Ре 
products 


Reaction coordinate 


H 


H 
+ :СЕ 
Fy 


— 


[2] 


a. Step [1] breaks one л bond and ће Н-С1 bond, and опе С-Н bond is formed. The АА? for 
this step should be positive, because more bonds are broken than formed. 
b. Step [2] forms one bond. The АНУ for this step should be negative, because one bond is 


formed and none is broken. 


c. Step [1] 15 rate-determining, because it is more difficult. 


d. Transition state for Step [1]: 


Transition state for Step [2]: 
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e. 
5 о is positive. 
Ф EPT А 
Кт OH?» is negative. 
| ОНР overall iS negative. 
Reaction coordinate 
6.46 
> 
о 
– 
Ф 
c 
Ш 


+ ralio. = 
0н, \ Een | OP overall 


(CH3)3C—OH (CH3) 
+ HI tI (CH3)3C—I 


Reaction coordinate 


a. The reaction has three steps, because there are three energy barriers. 


b. See above. 
c. Transition state A (see graph for location): Transition state B: Transition state C: 
ôt 
(сњус—бн &- "EC scd 
| СНз)зС----бн ЭТЕ 
lcs | | ( She. z 2 | |сњуе- : i 


d. Step [2] is rate-determining, because this step has the highest energy transition state. 


6.47 Ea, concentration, catalysts, rate constant, and temperature affect reaction rate so (c), (d), (e), (g), 
and (h) affect rate. 


6.48 
a. rate = A[CH3Br][NaCN] 
b. Double [CH3Br] = rate doubles. 


c. Halve [NaCN] = rate halved. 
d. Increase both [CH3Br] and [NaCN] by factor of 5 = [5][5] = rate increases by a factor of 25. 
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6.49 
О: :05 
— Сї [1] 2 i. [2] j T 
у Җ ———- -C-Cl —— С. + ог 
chloride rd Cl slow бо" fast СНУ СООН; 
CHO: methyl acetate 


a. Only the slow step is included in the rate equation: Rate = A[CH30 ][CH3COCI] 

b. СНО is in the rate equation. Increasing its concentration by 10 times would increase the rate 
by 10 times. 

c. When both reactant concentrations are increased by 10 times, the rate increases by 100 times 
(10 x 10 — 100). 

d. This is a substitution reaction (OCH; substitutes for Cl). 


a. True: Increasing temperature increases reaction rate. 

b. True: If a reaction is fast, then it has a large rate constant. 

c. False: Corrected— There is no relationship between AG? and reaction rate. 

d. False: Corrected— When the Е, is large, the rate constant is small. 

e. False: Corrected— There is no relationship between Keq and reaction rate. 

f. False: Corrected—Increasing the concentration of a reactant increases the rate of a reaction 
only if the reactant appears in the rate equation. 


a. The first mechanism has one step: Rate = k[(CH3)3CI][ OH] 

b. The second mechanism has two steps, but only the first step would be in the rate equation, 
because it is slow and therefore rate-determining: Rate = А[(СНз)зСП 

c. Possibility [1] 15 second order; possibility [2] 15 first order. 

d. These rate equations can be used to show which mechanism is plausible by changing the 
concentration of OH. If this affects the rate, then possibility [1] is reasonable. If it does not 
affect the rate, then possibility [2] 15 reasonable. 


СНз-С==СНЬ _ 
i 


A=(CHs),CI + -OH 
В = (CH3)sC=CHo + Г + НО 


Energy 


Reaction coordinate 
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f. transition state 
[1] 
А 
ix state CH3 
| 
Ела [1] CHs—C5;CHs 
> 0 
EX —— _ ү р pe re ces BON 
5 т 
c 
Ш 
за ба ај ОН ж. а P СНз 
О Е QN THEOD i ОН overall [2] CHs—C==CHz 
(СНз)зСІ (Снз):С=Сн, pm 
+ НО 8- 


Reaction coordinate 


6.52 The difference in both the acidity and the bond dissociation energy of CH3CH3 versus HC=CH 
18 due to the same factor: percent s-character. The difference results because one process is 


based on homolysis and one is based on heterolysis. 
Bond dissociation energy: 


PESE E d 


sp? hybridized sp hybridized 
25% s-character 50% s-character 
Higher percent s-character makes 


this bond shorter and stronger. 


Acidity: To compare acidity, we must compare the stability of the conjugate bases: 


CHCH% in) 
sp? hybridized sp hybridized 
25% s-character 50% s-character 
Now a higher percent s-character 


stabilizes the conjugate base making 
the starting acid more acidic. 
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6.53 a. Re-draw A to see more clearly how cyclization occurs. 
с bonds formed 


re-draw C | W 
E > 
id Enid A | 
с bond formed 
B 


6.54 
— Ha Њ — Hp Гл Њ Њ 
~ fd _ CN ја сс: m nm Nu 
{ еее уе @ о (фо 
Нь Нь 
Du sc. s 
H H H H 
Ha Н Ha, Ha 
b € petons —— C Jech (бесы 
H H H H H H 


с. С-Н, is weaker than C—H, since the carbon radical formed when the С-Н, bond is broken is 
highly resonance stabilized. This means the bond dissociation energy for C—H, is lower. 


6.55 In Reaction [1], the number of molecules of reactants and products stays the same, so entropy is 
not a factor. In Reaction [2], a single molecule of starting material forms two molecules of 
products, so entropy increases. This makes AG? more favorable, thus increasing Keg. 


6.56 
C + сњењон === с HO Ка = 4 
~ + = 
сну `OH abs сну  "ocH,chH, ? ч 


ethyl acetate 


To increase the yield of ethyl acetate, H2O can be removed from the reaction 
mixture, or there can be a large excess of one of the starting materials. 
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6.57 


29 O-H 19 о. 


(8 
phenol | | 
alle 
resonance stabilized | 


less energy for homolysis 
иги 


р. Cm 


Csp?-O Csp?-O 
higher % s-character lower 96 s-character 
shorter bond longer bond 


CHsCH,-O-H —* CH&CH;-O- 
ethanol no resonance stabilization 


Less energy is required for cleavage 
of Сенг О-Н because homolysis 
forms the more stable radical. 
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Chapter 7 Alkyl Halides and Nucleophilic Substitution 
Chapter Review 
General facts about alkyl halides 


e Alkyl halides contain a halogen atom X bonded to an sp? hybridized carbon (7.1). 

e Alkyl halides are named as halo alkanes, with the halogen as a substituent (7.2). 

e Alkyl halides have a polar С-Х bond, so they exhibit dipole-dipole interactions but are 
incapable of intermolecular hydrogen bonding (7.3). 

e The polar C—X bond containing an electrophilic carbon makes alkyl halides reactive towards 
nucleophiles and bases (7.5). 


The central theme (7.6) 


e Nucleophilic substitution is one of the two main reactions of alkyl halides. А nucleophile 
replaces a leaving group on an sp? hybridized carbon. 
R-X + ми“ 


nucleophile 


——- ВМ + X: 


leaving group 


The electron pair in the C-Nu bond 
comes from the nucleophile. 


e Опе ос bond is broken and one o bond is formed. 
e There are two possible mechanisms: Syl and 552. 


$41 and $52 mechanisms compared 


$42 mechanism $1 mechanism 


[1] Mechanism e One step (7.11B) e Two steps (7.13B) 
[2] Alkyl halide e Order of reactivity: СНзХ > ВСНХ e Order of reactivity: R3CX > 
> R»CHX > R3CX (7.11D) ВСНХ > RCH;X > CH3X 
(7.13D) 
[3] Rate equation e rate =A[RX][:Nu ] e rate = K[RX] 


[4] Stereochemistry 


[5] Nucleophile 


[6] Leaving group 


[7] Solvent 


second-order kinetics (7.11A) 


backside attack of the nucleophile 
(7.11C) 

inversion of configuration at a 
stereogenic center 

favored by stronger nucleophiles 
(7.17B) 

better leaving group — faster 
reaction (7.17C) 


favored by polar aprotic solvents 
(7.17D) 


first-order kinetics (7.13A) 


trigonal planar carbocation 
intermediate (7.13C) 
racemization at a stereogenic 
center 


favored by weaker nucleophiles 
(7.17B) 


better leaving group — faster 
reaction (7.17C) 


favored by polar protic 
solvents (7.17D) 
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Increasing rate of an 5,1 reaction 
—___-=–_—_—___________6____________________________________-_-нн 
R 


H H H 
а R-C-Br 5 а R-C-Br 
H H R R 
, methyl 1°, 2° 3° 

v both 
541 and 512 541 


512 
Increasing rate of an 5,2 reaction 


Important trends 
The best leaving group is the weakest base. Leaving group ability increases left to right across a 


e. 
row and down a column of the periodic table (7.7). 
Increasing basicity Increasing basicity 


:NH3 H20: FO с!“ Br- I- 
ae mI 
Increasing leaving group ability 


Increasing leaving group ability 


мн» “он Е 


For 279 row elements "S 
with the same charge: 3 
чиш з ———. 
Increasing basicity 
Increasing nucleophilicity 


e Nucleophilicity decreases across a row of the periodic table (7.8A). 


e Nucleophilicity decreases down a column of the periodic table in polar aprotic solvents (7.8C). 
Down a column = = = 
of the periodic table F Ө Bý à 
Increasing nucleophilicity 
in polar aprotic solvents 


e Nucleophilicity increases down a column of the periodic table in polar protic solvents (7.8C) 
Down a column = = = 
of the periodic table T i Br : 
Increasing nucleophilicity 
in polar protic solvents 


The stability of a carbocation increases as the number of R groups bonded to the positively 


е 
charged carbon increases (7.14). 
* * * * 
CH3 RCH, RCH R3C 
1° 2° de 


methyl 
EL 
Increasing carbocation stability 
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Important principles 


Principle 


Example 


Electron-donating groups (such as R 
groups) stabilize a positive charge 
(7.144). 


Steric hindrance decreases nucleophilicity 
but not basicity (7.8B). 


Hammond postulate: In an endothermic 
reaction, the more stable product is 
formed faster. In an exothermic reaction, 
this fact is not necessarily true (7.15). 


Planar, sp? hybridized atoms react with 
reagents from both sides of the plane 


3? Carbocations (КС) аге more stable than 


2? Carbocations (ВСН), which аге more 
stable than 1? carbocations (RCH;). 


(CH3)3CO is a stronger base but a weaker 
nucleophile than CH3CH5O . 


Sul reactions are faster when more stable 
(more substituted) carbocations are formed, 
because the rate-determining step is 
endothermic. 


A trigonal planar carbocation reacts with 
nucleophiles from both sides of the plane. 


(7.130). 


Practice Test on Chapter Review 


1. Give the IUPAC name for the following compound, including the appropriate R,S prefix. 


2. a. Which of the following carbocations is the most stable? 


b. Which of the following anions is the best leaving group? 


І. СН; 2. ОН 3.Н 4. NH; 5. СГ 


с. Which species 1$ the strongest nucleophile in polar protic solvents? 
ЈЕ 2. OH 5. 5Н 


3. СГ 4. H20 


d. Which of the following statements is true about the given reaction? 


Br ОСН>СНз 


+- 
cr Ма“ -OCH;CHs Cn | a 
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1. The reaction follows second-order kinetics. 
2. The rate of the reaction increases when the solvent is changed from CH3CH;OH to DMSO. 
3. The rate of the reaction increases when the leaving group is changes from Br to F. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


3. Rank the following compounds in order of increasing reactivity in an $31 reaction. Rank the 
least reactive compound as 1, the most reactive compound as 4, and the compounds of 
intermediate reactivity as 2 and 3. 


4. Consider the following two nucleophilic substitution reactions, labeled Reaction [1] and 
Reaction [2]. (Only the starting materials are drawn.) Then answer True (T) or False (F) to each 
of the following statements. 


Reaction [1] (CH3CH,)3CBr + CH3OH 
Reaction [2] CH4CH;CH;Br + OCH, 


The rate equation for Reaction [1] is rate = A[(CH3CH2)3CBr][CH30H]. 

Changing the leaving group from Br to СГ decreases the rate of both reactions. 

Changing the solvent from CH3OH to (CH3)2S=O increases the rate of Reaction [2]. 

Doubling the concentration of both СНзСН›СН»Вг and OCH; in Reaction [2] doubles the 

rate of the reaction. 

e. Ifentropy is ignored and Keq for Reaction [1] is < 1, then the reaction is exothermic. 

f. Ifentropy is ignored and ЛН? is negative for Reaction [1], then the bonds in the product аге 
stronger than the bonds in the starting materials. 

g. The energy diagram for Reaction [2] exhibits only one energy barrier. 


во ср 


5. Draw the organic products formed in ће following reactions. Use wedges апа dashes to show 
stereochemistry in compounds with stereogenic centers. 


Br D 
" CH30H К 
Ш (Consider substitution only.) 

CI 


Fw weer 
= Вг 
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CH3COO _ 


Answers to Practice Test 


1. (7S)-7-chloro-3-ethyldecane 3. A-4 5. a. c. 
E 2 PW 
C-3 е OH 
n9 D C=CH 
2. а.4 4. b d 
b.5 
с.5 
d.4 


Answers to Problems 


7.1 Classify the alkyl halide as 1°, 2°, or 3° by counting the number of carbons bonded directly 
to the carbon bonded to the halogen. 


C bonded to 2 C's 


лыы 2° alkyl halide 
| СНз | I 
a. CH3CH;CH;CH;CH;—Br b. CR с. CH3-C—CHCH; d. "ru см 
m | 
C bonded to 3 C's C bonded to 3 C's 
3? alkyl halide 3? alkyl halide 


7.2 Use the directions from Answer 7.1. 


3°, neither 
2", neither 2", neither Br —— 1°, neither 
| | p ©!-<——3°, allylic 


a, b. CL, „©! 
Qu 1 Cl =— vinyl 


2^, neither 
= ње halomon 
3°, neither В" vinyl 


telfairine 
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7.3 Draw a compound of molecular formula C¢H;3Br to fit each description. 


Br 


Be ge и ы b. EM c. ub on 
E B Br 


1? alkyl halide 2? alkyl halide 3? alkyl halide 
one stereogenic center two stereogenic centers no stereogenic centers 


7.4 То пате a compound with the IUPAC system: 
[1] Name the parent chain by finding the longest carbon chain. 
[2] Number the chain so the first substituent gets the lower number. Then name and number 


all substituents, giving like substituents a prefix (di, tri, etc.). To name the halogen 
substituent, change the -ine ending to -o. 


[3] Combine all parts, alphabetizing substituents, and ignoring all prefixes except iso. 


a. (CH3)2CHCH(Cl)CH2CH3 


| re-draw 2-methyl 
| x 
[1] Pour ie [2] n [3] 3-chloro-2-methylpentane 
1 
Cl 2 Cl<—3-chloro 
5 carbon alkane = pentane 
b. 2-bromo 
Br 2 Вг , 
И] _ | [2] [3] 2-bromo-5,5-dimethylheptane 
LON pK 
| A 
7 carbon alkane = heptane 5,5-dimethyl 
с: 
[1] [2] 2-methyl [3] 1-bromo-2-methylcyclohexane 
~ Br NA Br-—1-bromo 


| 1 


6 carbon cycloalkane = 
cyclohexane 


[1] | [2] [3] 2-fluoro-5,5-dimethylheptane 


F 
| 1 == 5,5-dimethyl 
| 1234 


7 carbon alkane = heptane 7 


7.5 To work backwards from a name to a structure: 


[1] Find the parent name and draw that number of carbons. Use the suffix to identify the 
functional group (-ane = alkane). 


[2] Arbitrarily number the carbons in the chain. Add the substituents to the appropriate carbon. 
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a. 3-chloro-2-methylhexane 


[1] 6 carbon alkane [2] |, methyl at C2 


AN 


T5998 ci = chloro at СЗ 


b. 4-ethyl-5-iodo-2,2-dimethyloctane 


[1] 8 carbon alkane [2] 
-——ethyl at C4 


ASN 
12345678 
2 methyls at C2 1 —  iodo at C5 


с. cis-1,3-dichlorocyclopentane 


[1] 5 carbon cycloalkane [2] chloro groups at C1 and C3, both on the same side 


CI | » 
C ре 


d. 1,1,3-tribromocyclohexane 


[1] 6 carbon cycloalkane [2] se Br groups 


C) ка 


C1 
e. propyl chloride 
[1] 3 carbon alkyl group [2] chloride on end 
CH4CH3CH; — CH3CH3CH; = CI 
f. sec-butyl bromide 
[1] 4 carbon alkyl group [2] bromide 
ченен CH; - CHCH;CH 
Br 


a. 


a. 


Because an sp? hybridized C has a higher percent s-character than an sp? hybridized C, it 
holds electron density closer to C. This pulls a little more electron density towards C, away 
from Cl, and thus а Csp*—Cl bond is less polar than a Csp*—Cl bond. 


"m 


lowest boiling point sp?C-Clbond larger halogen, sp? C-Br bond 
intermediate highest boiling point 
boiling point 


Since chondrocole A has 10 C's and only one functional group capable of hydrogen bonding 
to water (an ether), it is insoluble in Н2О. Because it is organic, it is soluble in СЊСЂ. 
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re) 
S "aii Three stereogenic centers are labeled with (*). 
= — 


Cl Cl 


enantiomer constitutional isomer 


7.8 To draw the products of a nucleophilic substitution reaction: 
[1] Find the sp? hybridized electrophilic carbon with a leaving group. 
[2] Find the nucleophile with lone pairs or electrons in x bonds. 
[3] Substitute the nucleophile for the leaving group on the electrophilic carbon. 


a. x ~OCH,CH3 = * Br 
| OCH;CH; 
| nonbonded е pairs 
leaving group nucleophile 


он 
b. O + Na*-OH ——- O + Na'CI- 
| 


leaving group nonbonded е“ pairs 
nucleophile 
& + | — ~~ +1 
$ 


nonbonded e" pairs 
nucleophile 


d. C | + Ма*-СМ 
| 


leaving group 


leaving group 


CN 


nonbonded e~ pairs 
nucleophile 


7.9 Use the steps from Answer 7.8 and then draw the proton transfer reaction. 


: substitution pu = 
a. + :N(CH;CH3)s N(CH,CHs)3 + Br 


nucleophile 


leaving group 


proton 


- substitution an^ Q 7 
b. (СНз)зС + њо: (Снз)с о-н + {СЕ 


(CHggC—O-H + на 


; nucleophile H transfer 
leaving group 
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7.10 Draw the structure of CPC using the steps from Answer 7.8. 


хи t а! 


nucleophile substitution 
UNT 
N 

NW, 


7.11 Compare the leaving groups based on these trends: 
e Better leaving groups are weaker bases. 
• А neutral leaving group is always better than its conjugate base. 


leaving group 


+ СЕ 
СРС 


а. Cr, р. NH3, NH7 C. H20, H2S 
farther down a column neutral compound farther down a column 
of the periodic table less basic of the periodic table 
less basic better leaving group less basic 
better leaving group better leaving group 


7.12 Good leaving groups include СГ, Вг, Г, апа H20. 


а. CH34CH;CH; b. СНЭСН>СН>ОН с. сњснгсн, (ӧн) d. CH3CH3 
Br is a good No good leaving group. H320 is а good No good leaving group. 
leaving group. -OH is too strong a base. leaving group. H is too strong a base. 


7.13 To decide whether the equilibrium favors the starting material or the products, compare the 
nucleophile and the leaving group. The reaction proceeds towards the weaker base. 
a. CH&CH;-NH; + Br CH3CH,-Br + NH, 
nucleophile leaving group 


better leaving group _ 
weaker base рКа (NH3) = 38 


pK, (HBr) = -9 


Reaction favors 
starting material. 


b s/w p № ОМ — мт 


nucleophile leaving group Reaction favors product. 
- better leaving group 
poU sd weaker base 
pK, (HI) = -10 


7.14 It is not possible to convert СНзСН2СН2ОН to CH3CH2CH2Cl by nucleophilic substitution 
with NaCl because OH is a stronger base and poorer leaving group than СГ. The equilibrium 
favors the reactants, not the products. 


сњењењон + ма ———ML——— | сњењења + ма “он 
| | 


weaker base stronger base 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


176 


Chapter 7—10 


7.15 Use these three rules to find the stronger nucleophile in each pair: 
[1] Comparing two nucleophiles having the same attacking atom, the stronger base is a 


stronger nucleophile. 
[2] Negatively charged nucleophiles are always stronger than their conjugate acids. 


[3] Across a row of the periodic table, nucleophilicity decreases when comparing species of 


similar charge. 
О 


а. NH3, NH3 b. CH3NH;, СНЗОН e [e CH4CH,0 ^ 
" 


Across a row of the periodic same attacking 


A negatively charged 
nucleophile is stronger table, nucleophilicity decreases atom (O) 
than its conjugate acid. with species of the same charge. stronger base 
stronger nucleophile stronger nucleophile stronger 
nucleophile 


7.16 Polar protic solvents are capable of hydrogen bonding, and therefore must contain a H 
bonded to an electronegative O or N. Polar aprotic solvents are incapable of hydrogen 


bonding, and therefore do not contain any О-Н or М-Н bonds. 


a. HOCH 2CH20OH b. CH3CH2O0CH2CH3 C. CH3COOCH2CH3 


no O-H bonds 


no O-H bonds 
polar aprotic 


contains 2 О-Н bonds 
polar aprotic 


polar protic 


e [n polar protic solvents, the trend in nucleophilicity is opposite to the trend in basicity 


down a column of the periodic table so that nucleophilicity increases. 
e In polar aprotic solvents, the trend is identical to basicity so that nucleophilicity decreases 


7.17 


down a column. 


a. Br and CTI in polar protic solvent c. HS and Е in polar protic solvent 


In polar protic solvents: 
nucleophilicity increases 
salia d] 


farther down the column OF 


nucleophilicity 


farther down the column 
more nucleophilic 
in protic solvent 


b. ТОН and СГ in polar aprotic solvent 


In polar aprotic solvents: 


farther up the column nucleophilicity increases 
and to the left in the row OF 
more basic 


more nucleophilic 


nucleophilicity 
increases 


and left in the row 
more nucleophilic 
in protic solvent 


increases 
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7.18 The stronger base 15 the stronger nucleophile except in polar protic solvents when 
nucleophilicity increases down a column. For other rules, see Answers 7.15 and 7.17. 


a. H20 TOH NH; 
no charge negatively charged negatively charged 
weakest nucleophile intermediate nucleophile farther left in periodic table 
strongest nucleophile 
b. Br Е он 
Basicity decreases down а Basicity decreases strongest nucleophile 
column in polar aprotic solvents. across a row. 
weakest nucleophile intermediate nucleophile 
c. Но CH4COO- TOH 
weakest nucleophile weaker base than -OH strongest nucleophile 


intermediate nucleophile 


7.19 To determine what nucleophile is needed to carry out each reaction, look at the product to see 
what has replaced the leaving group. 


a. (CH3)2CHCH2CH2—Br —- (CH4),CHCH4CH;— SH с. (СНАСНСЊСН; — Br — (СНз) СНСН,СН, — OCOCH; 
SH replaces Br. OCOCH; replaces Br. 
Н$- is needed. СНзСОО- is needed. 
b. (CH3),CHCH,CH,—Br —- (CH3),CHCH,CH,—OCH,CH, d. (CH4J;CHCH;CH; — Br — (CH3),CHCH;CH; — CS CH 
ОСН»СН; replaces Вг. СЕСН replaces Br. 
CH3CH207 is needed. НСЕС- is needed. 


7.20 The general rate equation for an 532 reaction is rate = A[RX][:Nu ]. 


a. [RX] is tripled, and [:Nu ] stays the same: rate triples. 

b. Both [RX] and [:Nu ] are tripled: rate increases by a factor of 9 (3 x 3 = 9). 
c. [RX] is halved, and [:Nu ] stays the same: rate halved. 

d. [RX] is halved, and [:Nu ] is doubled: rate stays the same (1/2 x 2 = 1). 


7.21 The transition state in an 532 reaction has dashed bonds to both the leaving group and the 
nucleophile, and must contain partial charges. 


a. CH4CH;CH;-Cl + OCH; CH4CH,CH;-OCH, + CIT | сньсньсн,---6:57 E 
CH40: à- 
GE Y 
b. «^. ов + SH — qf ep elg t Br :SH 
Каена 
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7.22 АП 5342 reactions have one step. 


CH;CH;CH;- - -Ci- | + 


Сн: à- 


Energy 


СНзСН>СН»-С1 
+ Којо NET пена бе а ok 0 мт = 
CH34CH;CH,-OCHs + CIT 


Reaction coordinate 


7.23 То draw the products of 532 reactions, replace the leaving group by the nucleophile, and 
then draw the stereochemistry with inversion at the stereogenic center. 
Oe 


CHCH © У E 
a. C—Br +  OCH;CH, Смена. р. О = + -CN 
7.24 Increasing the number of R groups increases crowding of the transition state and decreases the 


H 


rate of an $32 reaction. 


CI 
o ита SO «OS 
| 


2? alkyl halide 3? alkyl halide 


2? alkyl halide 1? alkyl halide 
faster reaction 


faster reaction 


т SR; ME loss of „Де 
H + 
| 2 CH3 

N 


\ 
CH3 


7.25 


м 


7.26 In a first-order reaction, the rate changes with any change in [ВХ]. The rate is independent 


of any change in [:Nu ]. 

а. [RX] is tripled, and [Ки ] stays the same: rate triples. 
b. Both [RX] and [:Nu ] are tripled: rate triples. 

c. [RX] is halved, and [:Nu ] stays the same: rate halved. 
d. [RX] is halved, and [:Nu ] is doubled: rate halved. 


a proton 


* SR; nicotine 
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7.27 In $31 reactions, racemization always occurs at a stereogenic center. Draw two products, 
with the two possible configurations at the stereogenic center. 


leaving group 


nucleophile 
T: њо | | 
. nn, na, + n, 
(снусн“ X, Pr (CH9,CH ^ X, 0H (снусн“ А ОЊењ + НВг 
CH2CH3 CH2CH3 OH 
enantiomers 
nucleophile 


b H P CH3;COO™ H Da H мы B 
t ~ <, > СА RS СЯ + x 
CH4CHZ Cl CH4CHZ OoccH, * снн; ‘CH3 


diastereomers 
leaving group 


7.28 Carbocations are classified by the number of R groups bonded to the carbon: 
0 R groups = methyl, 1 R group = 1°, 2 R groups = 2°, and 3 R groups = 3°. 


+ 
a. dii: а b. (СНз)зССН2 с. ed d. on 
+ 


2 R groups 1 R group 3 R groups 2 R groups 
2? carbocation 1? carbocation 3? carbocation 2? carbocation 


7.29 For carbocations: Increasing number of R groups - Increasing stability. 


+ + + 
CH3CH;CH;CH; CH3CHCH2CH3 CH3-Ç-CH; 
CH3 
1° carbocation 2° carbocation 3° carbocation 
least stable intermediate most stable 
stability 


7.30 For carbocations: Increasing number of R groups = Increasing stability. 
+ 


о со C 


1? carbocation 2? carbocation 3? carbocation 
least stable intermediate most stable 
stability 


7.31 The rate of an 5х1 reaction increases with increasing alkyl substitution. 


Br Вг 
а.  (CHj.CBr or — (CH4&4CCH;Br b. OF Cy 
3° alkyl halide 1° alkyl halide 
faster 541 reaction slower Sy1 reaction 


3° alkyl halide 2° alkyl halide 
faster 5,1 reaction slower Sy1 reaction 
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7.32 e For methyl and 1° alkyl halides, only 532 will occur. 
e For 2? alkyl halides, 541 and 542 will occur. 
e For 3° alkyl halides, only 5х1 will occur. 


ÇH H B 
| 

а. СЊ–С—С—Вг b а и B [в С: 

x | | 


бнз CHs 1° alkyl halide 2" alkyl halide 3? alkyl halide 
2? alkyl halide 512 541 and 542 5,1 
541 and 512 


7.33 • Draw the product of nucleophilic substitution for each reaction. 
e For methyl and 1? alkyl halides, only 542 will occur. 
e For 2? alkyl halides, Sn1 and 532 will occur and other factors determine which mechanism 
operates. 
e For 3? alkyl halides, only 541 will occur. 


Strong nucleophile 


favors Sy2. 
AX CH3OH PS Г снаснао“ аа 
E а! осњ + на! © mE 
3" alkyl halide 2? alkyl halide 
only 541 Both Sy1 and Sy2 
are possible. 
Weak nucleophile 
favors 511. 
Br ~ SH | 
SH 
ОЛ" on ~ 
d. 
ла 3 adio die 2 
P | Вг ОСН. 
1? alkyl halide 2° alkyl halide 
only 542 Both 541 and 5,2 


are possible. 


7.34 First decide whether the reaction will proceed via an 531 ог Sn2 mechanism. Then draw the 
products with stereochemistry. 


a. E + Њо dn dud * ub odi + HBr 541 = racemization at the 
J "Br | H OH нд н stereogenic C 
o ; Weak nucleophile 
2? alkyl halide А 
5 d 512 favors SM. enantiomers 


Qe + Тарава === didi d + Cl Sy2=inversion at the stereogenic С 
но DH 


1° alkyl halide 
Sy2 only 
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7.35 Compounds with better leaving groups react faster. Weaker bases are better leaving groups. 
+ 
а. CH4CH;CH;Cl or CH3CH;CHjI C. (CH3)3C—OH or (сњс ӧн) 


weaker base 
better leaving group 


b. (CHgCBr or (СН) С 


weaker base 
better leaving group 


d. CH3CH2CH2OH or CH3CH;CH5 OCOCH3 


weaker base 
better leaving group 


weaker base 
better leaving group 


7.36 è Polar protic solvents favor the Syl mechanism by solvating the intermediate carbocation 
and halide. 
e Polar aprotic solvents favor the 52 mechanism by making the nucleophile stronger. 


а. CH4CH;OH b. CH3CN с. CH4COOH d. CH3CH2,OCH,CH3 

polar protic solvent polar aprotic solvent polar protic solvent polar aprotic solvent 

contains an О-Н bond no О-Н or М-Н bond contains an О-Н bond no О-Н ог М-Н bond 
favors Sy1 favors 512 favors 541 favors 512 


7.37 Compare the solvents in the reactions below. For the solvent to increase the reaction rate of 


an Syl reaction, the solvent must be polar protic. 
CH4OH 


a. d d. + CHOH gr к. + на CHOH 
с! DMSO OCH; Polar protic solvent 
3° RX — 5,1 reaction increases the rate of an 
> 541 reaction. 
Br + ^| H20 
b ge OH DMF [HCON(CH3);] 
or 


1° RX – Sy2 reaction DMF 


5 + сно- CHOH 
iE | НМРА 


29RX strong nucleophile 
512 reaction 


Polar aprotic solvent 
increases the rate of an 
Sy2 reaction. 


HMPA [(CH3)2N]3P=O 
Polar aprotic solvent 
increases the rate of an 
Sy2 reaction. 


7.38 To predict whether the reaction follows an Syl or 52 mechanism: 
[1] Classify RX as a methyl, 1°, 2°, or 3° halide. (Methyl, 1° = 52; 3° = Sul; 2° = either.) 
[2] Classify the nucleophile as strong or weak. (Strong favors Sn2; weak favors Sy1.) 
[3] Classify the solvent as polar protic or polar aprotic. (Polar protic favors Snl; polar 


aprotic favors Sy2.) 


a. [O cnar + CHCHO == [У соњосњсњ + Br 
уез 


1° alkyl halide 


b. Гуз + NS 


Я , Strong nucleophile 
2? alkyl halide 
Sy1 ог Sy2 favors Sy2. 


932 reaction 


Sy2 reaction = inversion at the stereogenic center 


The leaving group was "up." 
The nucleophile attacks from below. 
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= b d + CH,OH deb a + HI 541 reaction 


Weak nucleophile 
3? alkyl halide favors SM. 
51 


а. dub Ч + H20 aud - d S о + HCI 541 reaction 
CI Weak nucleophile OH 2 


HO forms two enantiomers. 
3° alkyl halide f4VOrs Sut. 


5 


7.39 Vinyl carbocations are even less stable than 1? carbocations. 


4 + + 
CH3CH,CH,CH,CH=CH CH3CH5;CH;CH;CH5CH;5 CH34CH5CH5CH5CHCHs3 
vinyl carbocation 1? carbocation 2? carbocation 
least stable intermediate most stable 
stability 


7.40 Convert each ball-and-stick model to a skeletal or condensed structure and draw the reactants. 


Na* -CN 


ХМ Хем 


аа |275 Ҹем ~ а 


| | 


carbon nucleophile 
framework 


Na* -SH 


b. | (CH3)3CCH2CH2- SH 


(CH3)3CCH2CH,—Cl (CH3)3CCH2CH2—SH 


carbon nucleophile 


framework 


OH с! = OH 
" С) | | CY Na*-OH 
nucleophile 


carbon 
framework 


Na* С=СН 


CH4CH;-CEC-H 


d. CH3CH2+C=C—H | СНзСН = CI 


carbon nucleophile 


framework 
7.41 


СНзО: + CI5CH;CHs CH30CH;CH; CH&4CH;O: +  CI&CHs 


CH30CH;CH; 
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7.42 Use the directions from Answer 7.4 to name the compounds. 


1 
2 
| 7 C chain = heptane 
a. | bromo at C2 
2 ethyl at C5 
| Вг | H one stereogenic center-R 
5 " (2R)-2-bromo-5-ethylheptane 


3 5 C ring = cyclopentane 
b. chloro at C1 
1 2 isopropyl at C3 


= R и ~ 
а trans isomer-one substituent up, one down 
(1R, 3R)-trans-1-chloro-3-isopropylcyclopentane 
R 
7.43 
H CN (axial) 
Br "ON inversion (equatorial to axial) 
а. (СНз)зС (eq) acetone T q 
H | 


polar aprotic od 


512 reaction Large tert-butyl group is in 
more roomy equatorial 
position. 


Br M 


inversion (axial to equatorial) 
CN 
b. (CH34C = (CH3) (eq) 


polar "n solvent 
512 reaction 


7.44 Use the directions from Answer 7.4 to name the compounds. 


[1] CH [2] CH; 4 [3] 1-fluoro-3,3-dimethylbutane 
a. CH3—C—CH CH, F CH3 P CH CH, F 
СНз 3 cH; 
4 carbon alkane = butane ы ийй, 


С S$-ethylc( 
b. [1] CARLES [2] ај | [3] 3-ethyl-1-iodo-2-methylhexane 


| 2-methyl — | | 
6 carbon alkane = hexane 1-iodo 
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с. [1] (СНА ССЊВг [2] СНз [3] 1-bromo-2,2-dimethylpropane 
CH3—C—CH,7Br 
CH3 | 
| CH3 
CH35-C—-CH;[Br | 1-bromo 
CH3 2,2-dimethyl 
3 carbon alkane = propane 
ga. I1 IW m ыр” [2] 8724 [3] 6-bromo-2-chloro-6-methyloctane 
| | 
Вг Cl BR Ch. 
8 carbon alkane = octane boni 6-bromo" 2-chloro 
Br Br-—- 1-bromo 
B [1] [2] 2 [3] cis-1-bromo-3-iodocyclopentane 
I I -—— 3-iodo 
5 carbon cycloalkane = 
cyclopentane 1 
[1] Cl [2] С! [3] trans-1,2-dichlorocyclohexane 
f. | | trans-1,2-dichloro 
Кој СІ 
6 carbon cycloalkane = 2 
cyclohexane 
g.[1] (снз)зссн,снс)снс [2] СНз H [3] 1,2-dichloro-4,4-dimethylpentane 
CH, H CH,-C-CH;-C-CHjCl 
СНз C - CH?- C - CH; CI СНз С 
CH & : 1,2-dichloro 
3 4,4-dimethyl 


5 carbon alkane = pentane 


[1] [2] 2 [3] (GR) -2-iodo-4,4-dimethylhexane 
h. 1 


I LH 2. 3 


6 carbon alkane = hexane : [on (2R)-2-iodo КЕ Clockwise 
4,4-dimethyl = 
(Indicate the 6,5 y 1 Н4 R 


designation also) 4 


7.45 To work backwards to a structure, use the directions in Answer 7.5. 


А " c. 1,1-dichloro-2-methylcyclohexane 
a. isopropyl bromide 


Br~— Bromine on middle C 1 = 1,1-dichloro 
CH —CHCH makes it an isopropyl group. CI 
? : 2 =— 2-methyl 


b. 3-bromo-4-ethylheptane 
d. trans-1-chloro-3-iodocyclobutane 
CI 4— 1-chloro 
-— 4-ећу! 1 


4 3 
Br-— 3-bromo T-— 3-iodo 
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g. (1R,2R)-trans-1-bromo-2-chlorocyclohexane 
1R 


-— 4-ethyl \ „Вг -— 1-bromo 
B 
r 3 4 | 
‘Cl<— 2-chloro 
1-b Е -—3- 
romo 3-fluoro 2R 
f. (3S)-3-iodo-2-methylnonane h. (BR)-4,4,5-trichloro-3,3-dimethyldecane 
4 -— 2-methyl 5R 
3 , а | H 2 3,3-dimethyl 
35 770 H 3 
N 3-iodo 
4,4,5-trichloro 
7.46 
T" d 
a. CH,-C-CH;CH,F d. d d 9. (CH3;CCH? —C-C-Cl -—— 1° halide 
CH Br а CI H 
? 14° halide 1 í 4 
3? halide 2? halide 2? halide 
b Br-—— 2? halide h. ХОСЕ, 
; А Г. 
A e. n | 
1? halide 2? halide 
1-—— 2° halide 
C. (CH3)3CCH2Br 
Ср 
1? halide f. Both are 
„, 2? halides. 
CI-—— 
7.47 
1-chloro m а = 
-chloro —> 
1 | ae oe ci T3 
NN NA 3 


1-chloropentane 


1-chloro 


Xa 
2 1 
1-chloro-2,2-dimethylpropane 


2 


* 


2-chloro — С! 


2-chloropentane 
[* denotes stereogenic center] 


1-chloro 
1-chloro-3-methylbutane 


3-chloropentane 


2-chloro 


xo 
2 


2-chloro-2-methylbutane 


Two stereoisomers 


233 247 3 
Sar t E 
4C H аа H4 
Clockwise Clockwise 
"4" in back = "4" in front = 
R S 


_ 185. 
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Two stereoisomers 
3-methyl — p pm 
EN UN CA. 
“3 z ~ 
2-chloro — С! An a) en) 


2-chloro-3-methylbutane Counterclockwise Counterclockwise 
[* denotes stereogenic center] "4" in front = "4" in back = 


Two stereoisomers 


1-chloro 
| 3 td з 
2-methyl — 2, Ы 
| Zh à X а (Ха 
1-chloro-2-methylbutane 2 T 2. 1 
[* denotes stereogenic center] ui pud " до kise X 
S R 
7.48 
Br 
а. (СНз)зСВг or CH,CH;CH;CH;Br b У УУ c © or Cy 
larger surface area = larger halide = more polarizable = nonpolar more polar = 
stronger intermolecular forces = higher boiling point only VDW forces higher boiling point 
higher boiling point 
7.49 


a.  CH4CH;CH,CH;-Br + OH + CH3CH;CH;CH;OH + Br 


b.  CH3CH;CH;CH;-Br + ^ SH  ———- CH3CH,CH,CH,SH + Br 


C.  CH&4CH,CH;CH,-Br + -CN ——— CHSCH;CH;CH;CN + Br 


d. CH3CH2CH5CH;-Br + X OCH(CH3)s 


СНзСН»СН»СН»ОСН(СН:)› + Вг 
e. CH34CH;CH;CH,-Br + ~C=CH —— СИзСН»СН»СН»С=СН + Br 


.. " 
f. | CH3CH;CH;CH;-Br + H2O: —— | CHCH;CH;CH;OH; + Br —— CH3CH;CH;CH;OH + HBr 


g. CH3CH;CH;CH;-Br + Мн: ——- CH4CH4CH;CH;NHs + Br — —- СНзСН>СН>СН>МН> + HBr 


h.  СНзСН»СН»СН»-—Вг + Natr- СНзСН>СН»СН» + Na*Br- 


i.  CHgCH»CH»CH»—Br + NatN3- ———- CH,CH,CH,CH,N, + Na*Br- 
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7.50 Use the steps from Answer 7.8 and then draw the proton transfer reaction, when necessary. 


0 

а. + Coo + Cl 

| сну ^O К Ó 

| Hs 

| nucleophile X 

leaving group o 
b. Ve WE NNN + Nal 
leaving group nucleophile 
с. | + НО: OH + HI 
nucleophile 


leaving group 


d. Os ‚ + а 


nucleophile 


dct * HCI 
OCH; 
EL * NaBr 


leaving group 


Br 
= C + Na*-OCH, 


leaving group nucleophile 
CHs 
f. paupe + CH3SCH3 aes + Cl 
leaving group nucleophile 


7.51 A good leaving group is a weak base. 


9 


This has only C-C 
and C-H bonds. 
No good leaving group. 


T 
d. ФА 


good leaving group 
H20 is a weak base. 


a. e c. 


bad leaving group 
TOH is a strong base. 


снзснснсн, {Cl} 


СГ good leaving group 
weak base 


b. 


7.52, Use the rules from Answer 7.11. 


a. increasing leaving group ability: “NH; < OH < F= 


| 


most basic least basic 
worstleaving best leaving 
group group 


CH,CHÁNH, | 
| 


bad leaving group 
NH» is a strong base. 


e. 


f. сњењен 1) 
| 


I good leaving group 
weak base 


b. increasing leaving group ability: МН. < "OH < НО 


| 


most basic 


worstleaving best leaving 


group 
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с. increasing leaving group ability: СГ < Br- <Г а. increasing leaving group ability: NH3 < H20 < H2S 


| | 


most basic least basic most basic least basic 
worst leaving best leaving worst leaving best leaving 
group group group group 


7.53 Compare the nucleophile and the leaving group in each reaction. The reaction will occur if it 
proceeds towards the weaker base. Remember that the stronger the acid (lower pKa), the 
weaker the conjugate base. 


NH2 I 
a. O +I -> on + i Reaction will not occur. 


weaker base stronger base 
pKa (HI) = –10 pK, (NH3) = 38 
b. СНзСН + СНО _ CH3CH20CHs de qp Reaction will occur. 
stronger base weaker base 
pK, (СНзОН) = 15.5 pK, (HI) = -10 


б; ИО" + 1 >< “~~! + "см | Reaction will not occur. 
| 


weaker base stronger base 
pK, (HI) = -10 pK, (HCN) = 9.1 


7.54 Use the directions in Answer 7.15. 


8. Across a row of the periodic table d. Compare the nucleophilicity of N, S, and O. 
nucleophilicity decreases. Ina polar aprotic solvent (acetone), 
-OH < “NH; < CH, nucleophilicity parallels basicity. 


CH3SH < CH30H < CH3NH 
b. * In a polar protic solvent (CH3OH), nucleophilicity : : is 


increases down a column of the periodic table, e. Ina polar aprotic solvent (acetone), 
so: -SH is more nucleophilic than -OH. nucleophilicity parallels basicity. Across a row 
* Negatively charged species are more апааа zn oin parodit table 
nucleophilicity decreases. 
nucleophilic than neutral species so "ОН E y 
is more nucleophilic than H,O. CI- < F- < ОН 


H20 < -OH < -SH 


c. * Па polar protic solvent (CH4OH), nucleophilicity f. Nucleophilicity decreases across a row so 
increases down a column of the periodic table, -SH is more nucleophilic than СГ. 
so: CH4CH5S' is more nucleophilic than CH3CH2O'. In a polar protic solvent (CH3OH), 
* For two species with the same attacking atom, the more nucleophilicity increases down a column so СГ 
basic is the more nucleophilic so CH3CH2O* is more is more nucleophilic than F^. 


nucleophilic than CH43COO . 
СНзСОО- < CH3CH,0— < CH3CH;S^ 


F-« CI- < -SH 
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7.55 Polar protic solvents are capable of hydrogen bonding, so they must contain a H bonded to 
an electronegative O or N. Polar aprotic solvents are incapable of hydrogen bonding, so 
they do not contain any O-H or М-Н bonds. 


а. (СНз) СНОН с. СНС! e. N(CH3) 
contains О-Н bond no О-Н or М-Н bond no O-H or М-Н bond 
protic aprotic aprotic 
b. CHNO, d. NH; f. HCONH? 
no O-H or N-H bond contains М-Н bond contains an N-H bond 
aprotic protic protic 
7.56 
P CH p CH i RH CH 
сна“ Pd c 3 сн“ "ви 3 сна“ “NON 3 
H va H r H H H H 
The amine N is more The amide N is less nucleophilic 
nucleophilic since the electron since the electron pair is 
pair is localized on the N. delocalized by resonance. 
7.57 
1° alkyl halide 
Sy2 reaction 
a. Mechanism: pu P NENNT и СМ + Br 
ај acetone 


b. Energy diagram: 
c. Transition state: 


Reaction coordinate 


d. Rate equation: one-step reaction with both nucleophile and alkyl halide in the only step: 
гаје = k[R-Br][ CN] 
e. [1] The leaving group is changed from Br to Г: 
Leaving group becomes less basic — a better leaving group — faster reaction. 
[2] The solvent is changed from acetone to СНСЊОН: 
Solvent changed to polar protic — decreases reaction rate. 
[3] The alkyl halide is changed from CH3(CH>),Br to CH3CH2CH2CH(Br)CH3: 
Changed from 1? to 2? alkyl halide — the alkyl halide gets more crowded and the reaction 


rate decreases. 

[4] The concentration of "CN is increased by a factor of 5. 
Reaction rate will increase by a factor of 5. 

[5] The concentration of both the alkyl halide and "CN are increased by a factor of 5: 
Reaction rate will increase by a factor of 25 (5 x 5 = 25). 
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7.58 Use the directions from Answer 7.24. 


20000205. 


3° alkyl halide 2° alkyl halide 1° alkyl halide 


least reactive intermediate most reactive 
reactivity 
b. AS в; A d ZA “ш 
vinyl halide 2° alkyl halide 1° alkyl halide 
least reactive intermediate most reactive 
reactivity 


7.59 


better leaving group 


a. СНзСН2Вг + Он 


faster reaction 


CH3CH5CI + OH —— 


stronger nucleophile 


faster reaction 


b, ^O + NaOH 
их © + маососна 


I EE — 
с. OM * OCH3 СНзОН 


их + “OCH, DMSO faster reaction 


polar aprotic 
solvent 


less steric hindrance 


do ear, ось 


Е + — OCH;CH, н 


7.60 АП Sx2 reactions proceed with backside attack of the nucleophile. When nucleophilic attack 
Occurs at a stereogenic center, inversion of configuration occurs. 


faster reaction 


CH; CH, 
р | E | _ 
нс + ОСН —— p^ UD + Cl inversion of configuration 


d Qaid + Cl 
H No bond to the stereogenic center is broken, 


since the leaving group is not bonded to 
the stereogenic center. 
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o 


| = + “CN — NE + Br inversion of configuration 


[* denotes a stereogenic center] 
7.61 Follow the definitions from Answer 7.28. 


a. CH4CH;CHCH;CHs c. CY в. С. 
| 


2? carbocation 3? carbocation 


3? carbocation uM 
2? carbocation 


7.62 For carbocations: Increasing number of R groups - Increasing stability. 


к, АА ЛА «Ок КА C 


1? carbocation 


1° carbocation 2° carbocation 3° carbocation 1° carbocation 2° carbocation 3° carbocation 
least stable intermediate most stable least stable intermediate most stable 
stablity stablity 


7.63 Both A and B are resonance stabilized, but the N atom in B is more basic and therefore more 
willing to donate its electron pair. 


С + 
‚Очы — Оне 
а (У — (У 
p H 


| 
H 


more basic This resonance form stabilizes the carbocation 
N atom more than the equivalent resonance structure for A. 


Thus, B is more stable then A. 


7.64 
| сн Step [1] gy, о, Step] © 
a. Mechanism: CH3~C—CH,CH3 + НО 2C-CH;CH, + ЊО ва. 
Н 


541 only < СН; :OH 
А B 4 * A 
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b. Energy diagram: 
> 
o 
o 
c 
ш 
= 0 
CH3- C- CH;CH; CH3—C—CH2CH3 
I +ОН> 
Reaction coordinate 
c. Transition states: CH. 8* t Hs. 3° + 
2C-CH;CHs 2C-CH;CHs 
3! з ! 
IR OH; | 


d. rate equation: rate = k[(CH3)2CICH,CH3] 


e. [1] Leaving group changed from Г to СГ: rate decreases since Г is a better leaving group. 
[2] Solvent changed from H5O (polar protic) to DMF (polar aprotic): 
rate decreases since polar protic solvent favors Sy1. 
[3] Alkyl halide changed from 3° to 2°: rate decreases since 2° carbocations are less stable. 
[4] [H20] increased by factor of five: no change in rate since H20 is not in rate equation. 
[5] [R-X] and [H20] increased by factor of five: rate increases by a factor of five. (Only the concentration of 
R-X affects the rate.) 


7.65 The rate of an 5х1 reaction increases with increasing alkyl substitution. 


Br . nt Br 
У X 1? alkyl halide pur 


least reactive | | 
2? alkyl halide 3? alkyl halide 
intermediate most reactive 
reactivity 
Br Br 

> CX & OF 

aryl halide 2° alkyl halide 3° alkyl halide 

least reactive intermediate most reactive 

reactivity 


7.66 The rate of an 531 reaction increases with increasing alkyl substitution, polar protic solvents, 
and better leaving groups. 


а. (CH3)3CCl + HO ——- b. 2 + СНОН 3° halide 
faster Sy1 reaction 
(СНз)зСТ + НО ——- better leaving group pu 1? halide 
faster reaction + CH3OH А 


slower 541 reaction 
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aryl halide 
slower reaction 


Cl 
| Cr ` и 
Cl 


7.67 
„Вг 
У + CH3CH,OH 


2° halide 
faster 5,1 reaction 


+ H20 


D 
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polar protic solvent 
faster reaction 


d. I 
Сү + СЊСНЊОН GH cH on 
I 
+ CH,;CH,OH = 
DMSO 


polar aprotic solvent 
slower reaction 


OCH2CH3 , CH3CH20, 
~ 2 + НВг 
+ ( hou + HBr 


7.68 The 1° alkyl halide is also allylic, so it forms a resonance-stabilized carbocation. Increasing the 
stability of the carbocation by resonance, increases the rate of the 51 reaction. 


CH3CH;CH;CH- CHCH? — CH3CH2CH2CH- CH- CH2 <— CH3CH2CH2CH—CH=CH2 + Br 


Br resonance-stabilized carbocation 


Use each resonance structure individually to continue the mechanism: 


У, 
bts Chao Months 


CH.ÓH = CHCH;CH;CH- CHCH, —- CHSCH;CH;CH- CHCH,OCH, + HBr 


y^ CH JOCH; 
:Br: 


CH4CH;CH;CH— CH=CH, —— CH3CH;CH;CH— CH=CH, — CH3CH2CH2CHCH= CH; + HBr 


< h осн 
CH4OH :Br: 
7.69 
bu. 
а: ` Вг 
1° alkyl halide acetone 
512 only 


d + OCH; DMSO 
Br H 


ОСН: 


~" 
N CN + Br 


2 * Br reaction at a stereogenic center 
Г inversion of configuration 

2* alkyl halide strong nucleophile H осн: 9 

lar aprotic solvent 
5,1 апа 52 РО 
nt and ƏN Both favor $42. 
ОСН 
"CHCH4CH; ‘CH2CH2CH3 
3° alkyl halide 


Sy1 only 
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CH;CH; CH,CH3 CHCH; 
А c с 
оң ул * CHCOOH H^ N700CCH, * снзсоо"4 Уң + HI | | 
CH3 CH3 CH3 reaction at a stereogenic center 


izati f t 
2° alkyl halide Weak nucleophile racemization of produci 


541 and 5,2 favors 541. 


d +  OCH;CHs$ + pr Гёасіїоп at a stereogenic center 
Br DMF '""OCH3CHs inversion of configuration 


2" alkyl halide strong nucleophile 
5,1 and 542 polar aprotic solvent 
Both favor Sy2. 


С! OCH;CH; ОСН2СНз : 
f. + CH4CH;OH two products – diastereomers 
a + HCI Nucleophile attacks 
from above and below. 


2° alkyl halide Weak nucleophile 
541 and Sy2 favors Sy1. 


7.70 


:Ве 
2 
„ОРО 
ge „ oH cH CHO, 
(CH3)NCH;CH;O: + hd = C 2X » * NaBr 
+ H2 
H 


мн 


(CH3)2NCH2CH20—H 


diphenhydramine 


7.71 First decide whether the reaction will proceed via an Syl ог Sn2 mechanism (Answer 7.38), 
and then draw the mechanism. 


:Вг: 


Ce СЕ СНасЊОн __, осњењ + g 
| > 


3° alkyl halide can attack from 
541 only above or below = 


| OCH,CH, 
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7.72 
“сере 
о. ra) о. о 
Sc-Q AN &c-O c 
ÖH ў +в 
| a Ж њо. о 
"Вг T 
C7H4902 
el group 
7.73 


2 
2 
\ 
О 
т 
о 


NaHCO, + NaBr + 


“nicotine 
7.74 
a. Two diastereomers (C and D) are formed as products from the two enantiomers of A. 
H CH3 RE nn 
НМ 
CH3CH5) R ver 
| OC(CHa)s Ма um (СНајз 
leaving nucleophile 
A group B 
согснСнз 
POE (CH3CH2)3N 
D 


Зи CH3 Since both stereogenic centers in D have 

2 О the S configuration and the corresponding 
5 N's stereogenic centers in quinapril are also S, 
РУ М. „СОН D is needed to synthesize the drug. 


Both E the 
S configuration 


quinapril 
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7.75 
~ ч cni i NS 
А 
ДММ: + сн Бри Мерин EH ММН + СНаМна 
1H | 
CH3 СН; 


№: GN-CHS + CH;NHs — N: Мо 
ANO / мм `Ch; 


7.76 In the first reaction, substitution occurs at the stereogenic center. Since an achiral, planar 
carbocation is formed, the nucleophile can attack from either side, thus generating a racemic 
mixture. 


3° alkyl halide 


| cHOH M two steps hs ^ud 
— Sud МҮ 
hls T * И 
(6R)-6-bromo-2,6-dimethylnonane + Br bs dd 
achiral, осна 


planar carbocation racemic mixture 
optically inactive 


In the second reaction, the starting material contains a stereogenic center, but the nucleophile 
does not attack at that carbon. Since a bond to the stereogenic center 15 not broken, the 
configuration is retained and a chiral product is formed. 


"mi 3? alkyl halide configuration 


Br : = OCH; 7 retained 
n aud chon S Bue siepe мр 
5х1 | + Br 


А Reaction does пої occur at optically active 
(5R)-2-bromo-2,5-dimethylnonane the stereogenic center. 


7.77 


The nucleophile has replaced the leaving group. 
Missing reagent: 
О 


TEN —. Јо 
CY 


„^ч Um EUH The nucleophile has replaced the leaving group. 
Missing reagent: 


=== "CECH 


b 
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Ns The nucleophile has replaced the halide. 
с. № Starting material: | с! 


JSH The nucleophile has replaced the halide. 
d. -SH Starting material: 


“Сі The leaving group must have the opposite 
orientation to the position of the 
nucleophile in the product. 


7.78 То devise a synthesis, look for the carbon framework and the functional group in the product. 
The carbon framework is from the alkyl halide and the functional group is from the 


nucleophile. 
a. sul SH | pu ма“ SH ДА ан 
functional 
carbon group 
framework 
Ма О 
b. МИК | “М0 МӘ 
| functional 
carbon group 
framework 
a’ CN 
C.  |CH3CH;CN CH3CH;CI CH3CH;CN 
| functional 
carbon group 
framework 
О Cl = о 
d. SONS Nat О MTM 
functional 
rou 
| TESE 2° halide 


carbon O Nat 
framework öf 
o This path is preferred. 
| LE Б The strong nucleophile favors 


CI 
о ме 
CY a an Sy2 reaction so an unhindered 


^c 

Telle 1? alkyl halide reacts faster. 
| carbon 
functional framework 
group 
e. L Nat OCOCH 
Снан -OGOCH, CH4CH;CI 3. CH4CH;OCOCH, 
functional 
carbon group 


framework 
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7.79 Work backwards to determine the alkyl chloride needed to prepare benzalkonium chloride A. 


+1 
а. "xc * CH3(CH2)47Cl c оњ cr 
A 
СНз 
P 
b. CH3(CH2)17N(CH3)2 CH;CI {У о" сна оњ cr 
A 


7.80 


very Mm 3? Ш 


v 


aed methyl halide 


preferred method 

з The strong nucleophile favors 512 
reaction so the alkyl halide should 
be unhindered for a faster reaction. 


CH 


<p 
20 


7.81 
CH3(CH»)7CH Br _ 
песен СЭ рее Л, ehec NOY. онценуенове * № 
А в 
ын; CH3(CH2)4 CH5Br 
н н addition of Hz _ 
Pest CH3(CH2);CH2C € CCH2(CH?)44CH3 
CHs(CHj;CH? ^ CHa(CHz)CHs (Tequiv) D 
muscalure 
7.82 
UE ОШЕН” Со BIO Be | Дањ Le 
" p И Sen о: О 3 + Na* Br 
(Chapter 9) + H2 
[1] Na*: NH; _ „12 cn onis 
b. CHCHCH;—-C=C—H = CH4CH4CH9- C2 C: - CH,CH;CHS-CSC-CH,CH, + Na* Br 
(Chapter 11) Ан» 
И] Na* "ОСН>СНз — [2] c, Hen ar: 
€. HLCH(CO;CH;CH3); =: :CH(CO2CH2CH3)2 = СЕНЕСН; - CH(CO;CH;CH3); 
(Chapter 23) + Ма* Br 


+ CH3CH,OH 
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7.83 


v This electron pair is more hindered 


quinuclidine 
by the three CH2CH3 groups. 


o These bulky groups around the N 
LN cause steric hindrance and this 
decreases nucleophilicity. 


This electron pair on quinuclidine is much more available than the one on triethylamine. 


The three alkyl groups are "tied back" 
in a ring, making the electron pair 
more available. 


less steric hindrance 
more nucleophilic 


7.84 
cS Fi 
{ун Or 
оној + 
Е „СН 
67 y f^ O ? 
СНз Br 
С | | 
——————- minor product 
:0: :0: + NaBr 
1^ tu-B [2] CH3 
U major product 
7.85 


UN 
OH base Or 
(СНз)зС (СНз)зС intramolecular 
(CH3)3C 


harder reaction 


(CH3)3C META 
5,2 
-5. 
soe 27 pase X 74 
(CH3)3C Cp, _ intramolecular (CH3)3C 
S 
base 
LESE {НС l denen e 
(Суз м intramolecular 
3° alkyl halide 5,2 
(СН MT 


OH 0: 
i | G 
Br раза LB 
(CH3)3C 


3° alkyl halide 
harder reaction 


intramolecular 
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7.86 
CI bonded to sp? С 2 К CI bonded to sp? С 
carinóttndatdp 81 — :Cl Cl: «—— по resonance stabilization possible 
go ont. OCT for the carbocation formed here 
О“ се: CI bonded to sp? С 
Resonance-stabilized carbocation forms. 
best | 541 
_ CHOH _ _ 
б б: я equiv) ^ equiv) Ch 


| re-draw 


ee: Cl Cl: 
+ —= 
О CH3QH 9^ 70-CH; я 


K 
Bom [0] moure х 100% 
[0] pure enantiomer 
+ 5.0 : 
= —W— x 100% = 10.96 excess of R isomer 
*48 


)-1-phenyl-1- РАИ (R)-1- Phenyl 1- „propano! 
[o] = [o] = 90% racemic mixture = 45% R and 45% S 
Total R isomer = 45 + 10 = 55% R isomer 


b. The R product is the product of inversion and it predominates. 


H Br H OH H OH 


retention inversion 
c. The weak nucleophile favors an Syl reaction, which occurs by way of an intermediate 
carbocation. Perhaps there is more inversion than retention because H20 attacks the 
intermediate carbocation while the Br leaving group is still in the vicinity of the 
carbocation. The Br would then shield one side of the carbocation and backside attack 
would be slightly favored. 
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Chapter 8 Alkyl Halides and Elimination Reactions 
Chapter Review 
A comparison between nucleophilic substitution and B-elimination 


Nucleophilic substitution—A nucleophile attacks a carbon atom (7.6). 


н | и: Ми п Ми В 
C=C > —C-C— + X: 
| yD || good 
substitution leaving group 
product 
B-Elimination—A base attacks a proton (8.1). 
Bi ^^ 
M үи 
сто - с=с + HBT + Xx: 
| X2 / \ good 
elimination leaving group 
product 
Similarities Differences 
e [n both reactions RX acts as an e In substitution, a nucleophile attacks a single 
electrophile, reacting with an electron-rich carbon atom. 
reagent. e In elimination, a Bronsted—Lowry base 
e Both reactions require a good leaving removes a proton to form a л bond, and two 
group X: willing to accept the electron carbons are involved in the reaction. 
density in the C-X bond. 


The importance of the base in E2 and Е1 reactions (8.9) 


The strength of the base determines the mechanism of elimination. 
e Strong bases favor E2 reactions. 
e Weak bases favor El reactions. 


strong base 


-OH \ = 
СОН» + H20 * Br 


E2 

СНз СНз ЫЕ 

CH4-C-CH4 — same product 
| different mechanism 

Br СНз "d 
H20 ` + = 
ИНО. + HO ове 

weak base CH3 


E1 
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E1 and E2 mechanisms compared 


E2 mechanism 


E1 mechanism 


[1] Mechanism • 
[2] Alkyl halide • 
[3] Rate equation e 

e. 
[4] Stereochemistry e 
[5] Base è 
[6] Leaving group " 
[7] Solvent è 
[8] Product m 


one step (8.4B) 

rate: R3CX > В›СНХ > 
RCH»X (8.4C) 

rate = k[RX][B:] 
second-order kinetics (8.4A) 


anti periplanar arrangement of 
H and X (8.8) 


favored by strong bases (8.4B) 


better leaving group — faster 
reaction (8.4B) 


favored by polar aprotic 
solvents (8.4B) 


more substituted alkene 
favored (Zaitsev rule, 8.5) 


two steps (8.6B) 

rate: R3CX > ВСНХ > ЕСЊХ 
(8.6C) 

rate = ДЕХ] 

first-order kinetics (8.6A) 


trigonal planar carbocation 
intermediate (8.6B) 


favored by weak bases (8.6C) 


better leaving group — faster 
reaction (Table 8.4) 


favored by polar protic solvents 
(Table 8.4) 


more substituted alkene favored 
(Zaitsev rule, 8.6C) 


Summary chart on the four mechanisms: Sy1, 52, E1, and E2 


Alkyl halide type Conditions Mechanism 

1° ВСН,Х strong nucleophile Sn2 
strong bulky base E2 

2° ВСНХ strong base and nucleophile $42 + E2 
strong bulky base E2 

weak base and nucleophile $41 + El 

3° RCX weak base and nucleophile Snl + El 
strong base E2 


Zaitsev rule 


e -Elimination affords the more stable product having the more substituted double bond. 
e Zaitsev products predominate in E2 reactions except when a cyclohexane ring prevents trans 


diaxial arrangement. 
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Practice Test on Chapter Review 


1. Which of the following is true about an E1 reaction? 
The reaction is faster with better leaving groups. 
The reaction is fastest with 3° alkyl halides. 

The reaction is faster with stronger bases. 
Statements (1) and (2) are true. 

Statements (1), (2), and (3) are all true. 


иэ 


2. Consider the 572 and El reaction mechanisms. What effect on the rate of the reaction is observed 
when each of the following changes is made? Fill in each box of the table with one of the 
following phrases: increases, decreases, or remains the same. 


Change Sn2 Mechanism ЕІ Mechanism 

а. The alkyl halide is changed from (CH3)3CBr to 
CH3CH;CH5CH3Br. 

b. The solvent is changed from (CH3)2CO to 
CH3CH2OH. 

c. The nucleophile/base is changed from OH to 
H20. 

d. The alkyl halide is changed from CH3CH?CI to 
СНзСН. 

e. The concentration of the base/nucleophile is 
increased by a factor of five. 


3. Rank the following compounds in order of increasing reactivity in an E2 elimination reaction. 


Rank the most reactive compound as 3, the least reactive compound as 1, and the compound of 
intermediate reactivity as 2. 


Ду 2^2 бе“ 


Вг 
А 


4. Draw the organic products formed in the following reactions. 


Br CI 
a. KOH С. КО K* ТОС(СНа)з 
сна“ CH 


Br 


d. "Вг маосна 
b. NaNH; [EE 
Br (excess) 
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5. a. Fill in the appropriate alkyl halide needed to synthesize the following compound as a single 
product using the given reagents. 


K* -OC(CH 
С зн C 
~ “CH3 


CH; 
b. What starting material is needed for the following reaction? The starting material must yield 
product cleanly, in one step without any other organic side products. 


K* -OC(CH3)s 


CH3CH;CH—CHCHs 
(cis and trans mixture) 


6. Draw all products formed in the following reaction. 


а CH&OH 
CH4CH; С 
CH; 
Answers to Practice Test 
1.4 4. 5. 6. 
el CH 

a. CHCH а 
2. $2 El aps | ee i Фе uU Moos 
a.increases decreases T Th 


b.decreases increases p, CHs-C=C 
c. decreases same | G 
d. increases increases 


CH; 
с 

осн 

onem YAS 9 

e.increases same b H3 


Br 
3. A-2 Е Bü Je (or Cl or I) ОЗОНЕ 
3 3 


B-1 D 


C-3 HoH on 


+ 


28 
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Answers to Problems 


8.1 e The carbon bonded to the leaving group is the œ carbon. Any carbon bonded to it is a В carbon. 
e To draw the products of an elimination reaction: Remove the leaving group from the 
о carbon and an Н from the B carbon and form a x bond. 


а *- 
K* -OC(CH 
a. | CH3CH;CH5CH5;CH; - CI ЗОВ ~ CH3CH,CH,CH=CH> 


b Bia K* -OC(CH3); 
COO (CH3CH2)C=CH; + | CH4CH-C(CH4)CH;CHs 


В; х= Bo " 
E ex K* -OC(CH3)s CY: CY 
Pi 


8.2 Alkenes are classified by the number of carbon atoms bonded to the double bond. A 
monosubstituted alkene has one carbon atom bonded to the double bond, a disubstituted alkene 
has two carbon atoms bonded to the double bond, etc. 


4 ed 2 C's bonded to each С=С 
etrasubstitute | disubstituted 


>> OH 

| | b. 
3 C's bonded to each C=C 

vitamin A trisubstituted 


vitamin Оз 
3 C's bonded to each C=C 
CH; trisubstituted 


7 —— 2 C's bonded to the C=C 
disubstituted 


HO" 


8.3 To have stereoisomers at a С=С, the two groups on each end of the double bond must be 
different from each other. 


two different groups two different groups two different groups two different groups 


(СНзСН) and Н) (H and CH3) (cyclohexyl and Н) (cyclohexyl and Н) 
dad = b. CH3CH;CH- CHCHs c. ( унн ) 
two СНз groups stereoisomers possible stereoisomers possible 


no stereoisomers 
possible 
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8.4 


2 CH3's on — 
one end E 


pau 2 H's on one end 


Only this С=С exhibits stereoisomerism. 


b. A diastereomer has a different 3-D arrangement of groups but the carbon skeleton and the 
double bonds must stay in the original positions. 


27 
ES 2 


| MN oen arrangement of groups 
diastereomer around this double bond 


8.5 Two definitions: 
e Constitutional isomers differ in the connectivity of the atoms. 
e Stereoisomers differ only in the 3-D arrangement of the atoms in space. 


a. At. and 22% 


different connectivity of atoms 
constitutional isomers 


b. “и and СР 


trans trans 
identical 


8.6 Two rules to predict the relative stability of alkenes: 


|. 


cis 


NN 
and 


trans 
different arrangement of atoms in space 


stereoisomers 


= ant >Я 


different connectivity of atoms 
constitutional isomers 


[1] Trans alkenes are generally more stable than cis alkenes. 
[2] The stability of an alkene increases as the number of R groups on the C=C increases. 


a. РУС о 77 
monosubstituted disubstituted 
more stable 
CH3CH; Fats CH3CH5 T 
с=с ог с=с 
H H H CH5CHs 
cis trans 


more stable 


CY + Я 


trisubstituted disubstituted 


more stable 
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8.7 


A B 
Alkene A is more stable than alkene B because the double bond in A is in a six-membered ring. 


The double bond in B is in a four-membered ring, which has considerable angle strain due to the 
small ring size. 


8.8 In an E2 mechanism, four bonds are involved in the single step. Use curved arrows to show 
these simultaneous actions: 


[1] The base attacks a hydrogen on a В carbon. 
[2] А т bond forms. 
[3] The leaving group comes off. 


(-— QCH;CHs 


CH3CH5 i transition a t 
ЙЫ о Np. 
med 2— CHCH; (СНзСН>)>С=СНСН. + HOCH,CH; + Вг“ CH3CH, Н---ОСН2СНз 
B | | 
в | CH4CHg—C-—— CHCH 
B carbon new т bond 3 : ; 3 
':Br: 


8.9 In both cases, the rate of elimination decreases. 


stronger base better leaving group 
faster reaction faster reaction 
а. CH,CH-Br + ^ OC(CH4, —- b. CH&CH?-Br + ~OC(CH3)3 —- 
CH3CH;-Br + OH + CH4CH;-Cl + ~OC(CH3)3 — 


8.10 As the number of R groups on the carbon with the leaving group increases, the rate of an E2 
reaction increases. 


a. (CH3);CHCH5CH5;CH3Br (CH3)2CHCH2CH(Br)CH3, (CH3)2C(Br)CH2CH2CH3 
1° alkyl halide 2° alkyl halide 3° alkyl halide 
least reactive intermediate reactivity most reactive 

CH 
cl з 

Ч C Cie 

el СНз 
1° alkyl halide 2? alkyl halide 3? alkyl halide 
least reactive intermediate reactivity most reactive 


8.11 Use the following characteristics of an E2 reaction to answer the questions: 
[1] E2 reactions are second order and one step. 
[2] More substituted halides react faster. 
[3] Reactions with strong bases or better leaving groups are faster. 
[4] Reactions with polar aprotic solvents are faster. 
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Rate equation: rate = k[RX] [Base] 

а. tripling the concentration of the alkyl halide = rate triples 

b. halving the concentration of the base = rate halved 

c. changing the solvent from CH3OH to DMSO - rate increases (Polar aprotic solvent is better 

for E2.) 

d. changing the leaving group from I to Br = rate decreases (I is а better leaving group.) 
changing the base from ОН to H;O = rate decreases (weaker base) 
f. changing the alkyl halide from CH3CH3Br to (CH3);CHBr = rate increases (More substituted 

halide reacts faster.) 


Ф 


8.12 The Zaitsev rule states: In a B-elimination reaction, the major product has the more substituted 


double bond. 
Lui 
аа CHs-C—C™CH,CH,  —— M —— À —- (CH3;C—CHCH;CHs + (CH CHCH—CHCH; 
ны loss of H and Br trisubstituted disubstituted 
major product minor product 
CH3 CH3 CH3 CH2 
Br СЕБ 
b. loss of H and Br * » 
CH; CH3 CH; CH; 
trisubstituted tetrasubstituted disubstituted 
minor product major product minor product 
CI 
PARS + E 
C. p loss of H and CI > а 
monosubstituted disubstituted 
minor product major product 
CH3 СНз 
СІ 
trisubstituted 
4. CH; loss of Hand Cl cH, ONLY product 
CH3 CH3 


8.13 An El mechanism has two steps: 
[1] The leaving group comes off, creating a carbocation. 
[2] А base pulls off a proton from a В carbon, and a л bond forms. 


CH3 CH3 


| 42 1 | .. _ [2] + 
СР С + CH30H Im | CHa- GR GH CH30H + Cl —— (СНз)>С=СНСНз F CH30H> + Cl 
а > 
transition state [1]: Chs t transition state [2]: Chs t 
сн G—CH.CHs ша оно 


:б1:8- H- -gch 
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8.14 The Zaitsev rule states: In a B-elimination reaction, the major product has the more substituted 


double bond. 
B2 
a. CH3CH2— *c- СЊСНа + Но = C=CHCH; + С=СН» 
Cl 4 CH3CH5 CH3CH5 
trisubstituted disubstituted 
major product 
By. CH2CH2CHs CH2CH2CH3 CH2CH2CH3 CH4CH3CH3 
СНз 
b ON g + CH3OH CH; + CH, + CH; 
I 2 
Bs tetrasubstituted disubstituted trisubstituted 


major product 


8.15 Use the following characteristics of an E1 reaction to answer the questions: 
[1] Е1 reactions are first order and two steps. 
[2] More substituted halides react faster. 
[3] Weaker bases are preferred. 

[4] Reactions with better leaving groups are faster. 

[5] Reactions in polar protic solvents are faster. 


Rate equation: rate = A[RX]. The base doesn't affect rate. 
a. doubling the concentration of the alkyl halide = rate doubles 
b. doubling the concentration of the base — no change (Base is not in the rate equation.) 
c. changing the alkyl halide from (CH3);CBr to CH3CH2CH2Br = rate decreases (More 
substituted halides react faster.) 
. changing the leaving group from CI to Br = rate increases (better leaving group) 
e. changing the solvent from DMSO to CH3OH = rate increases (Polar protic solvent favors ЕІ.) 


8.16 Both Syl and ЕІ reactions occur by forming a carbocation. To draw the products: 
[1] For the Sy1 reaction, substitute the nucleophile for the leaving group. 


[2] For the E1 reaction, remove a proton from a В carbon and create a new m bond. 


CH CH 
: У CH 
Br 
· Ciu — O 0*0 
leaving 
group "m 5,41 product 
and base s — 
СНз CH3 CH3 CH3 
| 
b. CH= сн сн,сн,СНз + СНАСЊОН CH,-C-CH;CH;CHs = с=сн, + `с=снснусн, 
а | OCH,CH3 СНСН>СН> СНз 
nucleophile | | 
leaving and base 541 product E1 products 


group 
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8.17 E2 reactions occur with anti periplanar geometry. The anti periplanar arrangement uses a 
staggered conformation and has the H and X on opposite sides of the C-C bond. 


"ue NE" 
НО: и ан сњ 
СС ть s 
ен в? base С=С, 
3 CH3 


H and Br are on opposite sides = 
anti periplanar 


8.18 The E2 elimination reactions will occur in the anti periplanar orientation as drawn. To draw 
the product of elimination, maintain the orientation of the remaining groups around the С=С. 


CH;CH)O:—. 
CH k 
a bet „Сене СНз „СвН5 
а 6 5 ~H Т5 LUN 
Br Сена H 
The two benzene rings are 4 


anti in this conformation (one 
wedge, one dash). 


i 
b Cos Cl Gi Сене." „Сене 
CH3 үн P 
Br с{ ^H 


The two benzene rings are gauche 
in this conformation 
(both drawn on dashes, behind the plane). 


The two benzene rings remain on 
opposite sides of the newly formed 
C=C. This makes them trans. 


The two benzene rings remain 
on the same side of the newly formed 
C=C. This makes them cis. 


8.19 Note: The Zaitsev products predominate in E2 elimination except when substituents on a 
cyclohexane ring prevent a trans diaxial arrangement of H and X. 


axial H's 


„ОНСН о 
а JO conformations, CH; HOHH Hi Т 
CH "а H Gl 


3 H а! 
А 


Use this conformation. 
It has CI axial and 
two axial H's. 


H _ CH(CH 
B (CH3); 
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В 
E ch СНз) -O Она 4 ње 
CH3 H (CH3)2 


H 
н | я йз of H(B2) + CI] ie of К, + Сї 
2 
à | re-draw | re- -draw 
two different axial H's _aCH(CHs), H(CHs), 
сна | НУ Es 
disubstituted "risubstituted 


major product 


.CH(CH3) two Нз 
ОХ conformations- CH H(CH3)2 
бе. о Jd a A 3 ШЕ 


Use this conformation. 
It has Cl axial and 


CH; Bo CH, one axial H. 
| ^ SCH(CH3); 
Bre И онсснз), НН снснь сн; 
: [loss of H(B4) + CI] disubstituted 


only one axial H 


on a B carbon only product 


8.20 Draw the chair conformations of cis-1-chloro-2-methylcyclohexane and its trans isomer. For 
E2 elimination reactions to occur, there must be a H and X trans diaxial to each other. 


Two conformations of the cis isomer: Two conformations of the trans isomer: 
CI CH3 H Cl 
СНз н H H H " 
Ho == На Ho == H 
H H СНз H 
H H H CH3 
A B 
reacting conformation (axial CI) reacting conformation (axial CI) 
This reacting conformation has only one This conformation is less stable than A, 
group axial, making it more stable and since both CH3 and CI are axial. 
present in a higher concentration than B. This slows the rate of elimination 
This makes a faster elimination reaction from the trans isomer. 


with the cis isomer. 
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8.21 E2 reactions are favored by strong negatively charged bases and occur with 1?, 2?, and 3? 
halides, with 3? being the most reactive. 
E1 reactions are favored by weaker neutral bases and do not occur with 1° halides since 
they would have to form highly unstable carbocations. 


сн; С(СНз)з 
а. Снз=-С-СНз + OCH, — с. и 
3 [i 3 з + CHOH —— 
strong negatively weak neutral 
charged base base 
E2 E1 


I 
Р. CT К мы d. CH,CH;Br + -Oc(cHyy ——- 
weak neutral 


strong negatively 
base charged base 
E2 


8.22 Draw the alkynes that result from removal of two equivalents of HX. 


e c - ju E 
NH 29 

а: { )—0—6-снн, ЫН». C=C—CH,CH, © CHs-C-CH4CH CH;C=CCH; 
H H Br 


+ нс=ссн;сна 


Br 
KOC(CH3)s c] “NH, 
DMSO O E 


8.23 
K* -OC(CH 
а. dU RS SLM (СНз) С ч 
1? halide strong bulky base 
5,2 or E2 E2 
| = H 
b. CH3—-Ç-CH2CH; CHs-C-CH;CH; + сњ-сне=снесна +  CH;2CH-CH;CHs 
CI 
t b OH 
2° halide = а 512 product disubstituted monosubstituted 
any mechanism N major E2 product minor E2 product 
CH2CH3 CH2CH3 CHCH; CH;CH; 
" C CH,CH,OH [es А CY | СУ 
weak base 
3" halide SyiandE1 5,41 product E1 product E1 product 
по 512 


strong base 
d. dide d CH3CH;0 а d + d d 
Cl | CH4CH;OH 
3? halide E2 major E2 product minor E2 product 
по 512 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 213 


Alkyl Halides and Elimination Reactions 8-13 


8.24 
3? halide weak base 
по 512 541 and E1 
dh CHa CH 
3 
Og, == OR С. = 
CH3 overall 
reaction 
The steps: | | CH; 
= OM ou oH O-CH 
51 К сњо VH ~ 
сн сн ie 
+ Br з Br: 
Or 
+ „СНз 
BI au 
H :Вг: 
CH3 


8.25 More substituted alkenes are more stable. Trans alkenes are generally more stable than cis 
alkenes. Order of stability: 


И М Ў 


B С А 
least stable most stable 


8.26 The trans isomer reacts faster. During elimination, Br must be axial to give trans diaxial 
elimination. In the trans isomer, the more stable conformation has the bulky tert-butyl group in 
the more roomy equatorial position. In the cis isomer, elimination can occur only when both 
the tert-butyl and Br groups are axial, a conformation that is not energetically favorable. 


Oy = Оу 0, 


This conformation must react, 
but it contains two axial groups. 


cis-1-bromo-3- iot butylcyclohexane 


Oy dA — бео, 


preferred conformation 


trans-1-bromo-3- "et butylcyclohexane 
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8.27 Translate each model to a structure and arrange H and Br to be anti periplanar. 


Br 
1 CH3CH5 [Br 
а Oe 8 оао pog Ba. ОНО в 
KBr CH4 \ с=с 
CH3CH; H H H сна H 
H and Br 180* 
away from each other 
CHCH r н Н 
3 x Pu А rotate e^ Css E2 CH;CH3 H 
b CH PE ^s : CH3CH2 4 A с=с 
H Hs CH3 CH, Сн 
H and Br 180° 


away from each other 
8.28 
a. CH3CH2CH2CH2CH2CHBr 


CH3CH;CH2CH5CH-— СН» 


CH4CH;CH;CH;CH-CHCH,CH, + CH3CH,CH,CH,CH,CH=CHCH, 
CH; 


| 
C. CH3CH,CHCHCH, 


CH3CH2CH=C(CH3)2 + 
CI 
CH 


8.29 To give only one product in an elimination reaction, the starting alkyl halide must have only 


one type of В carbon with H's. 


a B В о „С! 
а. CH;,-CHCH;CH;CH; -—— Сн;—Сн;СН;СН;СН3 d. M Two В carbons 
б\ В are identical. 
CH3 СН; 
В а. 
b. (CH3)2>CHCH=CH, =—  (CH3);CHCH; —CH5CI 


[e 
CH2 CH;CI e. (enm | DEU 
- CY — СТ — Qm 
p 


Two В carbons 
are identical. 


8.30 To have stereoisomers, the two groups on each end of the double bond must be different from 
each other. 


F. 2 H's on one end 


E "E 

А 

2 Ў T OH b. м. 
two different groups 

2 СНз'ѕ on | 

опе опа two different groups ~ at each end 

at each end 2 H's on can have 
can have one end stereoisomers 
stereoisomers 
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8.31 Use the definitions in Answer 8.5. 


\ / 


CH3 CH» 
2 or and с. << а 
trans trans trans trans 


different connectivity identical 
constitutional isomers 


CHCH CH И о» 
seri? 3 CH3CH CH2CH 
\ / at. [eos Zoro, Cat 
b. C=C and C=C 3 and 
7% | А d. 
CH3 CH2CH3 CH3 CH3 
CH3 CH3 


stereoisomers stereoisomers 


8.32 
Double bond can be cis or trans. 
OH 
РВ, CH,CH'CH(CH;),COOH : a sp? stereogenic centers (four circled, one labeled) 
. Two double bonds can both be cis or trans. 
HO CH-CHCH(OHYCH;),CH; c. 2' = 128 stereoisomers possible 
! 


Sp? stereogenic center 
Double bond can be cis or trans. 


8.33 Use the rules from Answer 8.6 to rank the alkenes. 


CH5,-CHCH(CH3) CH 2=C(CH3)CH,CH3 X (CH3);C— CHCH5 


monosubstituted disubstituted trisubstituted 
least stable intermediate most stable 
stability 


8.34 A larger negative value for AH? means the reaction is more exothermic. Since both 
1-ршепе and cis-2-butene form the same product (butane), these data show that 1-butene was 
higher in energy to begin with, since more energy is released in the hydrogenation reaction. 


1-butene 

cis-2-butene 

larger ? H? for 
1-butene 


CH3CH;CH;CH; 
AHP = –127 kJ/mol 


CH2=CHCH2CH3 + H2 


1-butene 
> s : 
o higher in energy 
Ф 
CH CH c 
a 2 * H CH3CH;CH;CH Е 
/ =б. 2 RARE --- -— ------ --- butane 
H H АН? = –120 kJ/mol | 
smaller 2 Не for cis-2-butene 


cis-2-butene lower in energy, more stable 
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8.35 
Я (CH3)3CO pu Pg 
a. paw {CHOO CHsCH=CHCH,CH,CH(CHg)2 + 2 
By В (loss of By H) (loss of В; H) 
major product monosubstituted 
disubstituted 
CI PUES only product 
O^ ^O p O^ ^O TE 
B3 
І CH, _ 
© By OH 
я у ——  CH3CH2C(CH3)=C(CH3)CH2CH2CH3 + — CH3CH;CH(CH3)C(CH3)2 СНСн,СНз 
2 
(loss of B4 Н) (loss of 85 H) + 
major product trisubstituted 
tetrasubstituted H2 


мыз, 


(loss of Ва H) 
disubstituted 


p 
CI = 
P d OC(CH3) eyes only product 
e. Ре OH. сњенсњенснеснсњ + УУ С 


P: (loss of B4 H) (loss of B2 H) 
major product monosubstituted 
disubstituted 


HE MD 0 


(loss of B2 H) (loss of B4 H 


major product E 
trisubstituted 


8.36 To give only one alkene as the product of elimination, the alkyl halide must have either: 
• only one В carbon with a hydrogen atom 
e all identical В carbons, so the resulting elimination products are identical 


CH, H CH H CH; H 
а. CH3 © С H - с=с снз-С—С-н 
на CH, 4H Cl H 
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8.37 Draw the products of the E2 reaction and compare the number of C's bonded to ће С=С. 


B2 
+ (CH3),CHCH=CHCH, 
AWA о. 


e major product disubstituted 
i] trisubstituted 
a а, 
(CH3) “4 CHCH; + ~ Bo 
s major product monosubstituted 
disubstituted 


A yields a trisubstituted alkene as the major product and a disubstituted alkene as minor product. 

B yields a disubstituted alkene as the major product and a monosubstituted alkene as minor product. 
Since the major and minor products formed from A have more alkyl groups on the C=C 

(making them more stable) than those formed from B, A reacts faster in an elimination reaction. 


8.38 
a. Mechanism: 
by-products 


Mg f z:OC(CH3)s +! HOCICH + в 
П сыск С +в 
b. Rate = A[R-Br][ OC(CH3);] 
[1] Solvent changed to DMF (polar aprotic) = rate increases 
[2] [ OC(CH3);] decreased = rate decreases 
[3] Base changed to OH - rate decreases (weaker base) 


[4] Halide changed to 2? — rate increases (More substituted RX reacts faster.) 
[5] Leaving group changed to Г = rate increases (better leaving group) 


8.39 


K* -OC(CH 
D. (СНз)з _ [— A p= 


1-chloro-1-methyl- 
cyclopropane 


The dehydrohalogenation of an alkyl halide usually forms the more stable alkene. In this case, A is 
more stable than B even though A contains a disubstituted C=C whereas B contains a trisubstituted 
C=C. The double bond in B is part of a three-membered ring, and is less stable than A because of 
severe angle strain around both C's of the double bond. 
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8.40 
А S 4 y маосњсн 
| — 
а. CHsCH,CH,-C—{ » Kon. — о в. "d 
Br = 2 
trans isomer more stable trans isomer more stable 
major product major product 
8.41 
CH3 CH3 CH3 CH; 
= oO 
CH3 CH3 CH3 CH3 
tetrasubstituted trisubstituted disubstituted 
major product 


AOA 
b. 


кор И = <“ pw Ax 
trisubstituted 
This isomer is more stable— 
large groups farther away. trisubstituted 
major product 


C. KT did d + didi» d 
; | trisubstituted 
disubstituted major product 


disubstituted 


8.42 Use the rules from Answer 8.21. 


a. OCH; снасн=снењ + CH3CH,CH=CH> 
Br strong base (cis and trans) 
2° halide E2 


bo == 


CH3CH = СНСНа + 
weak base 


СНзСН>СН=СНЬ 
(cis and trans) 
. E1 
2? halide 
I " ОС(СНз)з 
CANN strong base dio db 
1? halide E2 
d CH;CH;CH, H20 
. м СНСЊСНа + CH2CH2CH3 q CH2CH2CH3 
Cl weak base 
сн. 3° halide E1 CH; Сн; Сн; 
“OH 
strong base 
2° halide E2 
nes er y 
strong base 
2^halide ©! 


E2 
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8.43 The order of reactivity is the same for both E2 and El: 1° < 2? < 3". 


CH3 
Da С 
Cl CH3 
2° halide 3° halide 3? halide + 
better leaving group 
Increasing reactivity in E1 and E2 
8.44 
СИ. = ji H,O 
OH 2 TOH 
с ФК ье 0. с. (снз):ССІ 
4 H20 
3° halide— faster reaction СН; Cl H20 strong base— E2 


(CH3),CCI OH 


СНз CI 2 
OH i - те 
3? halide —faster reaction 


polar aprotic solvent 
faster reaction 


Br In a ten-membered ring, the cis isomer is more 
stable and, therefore, the preferred elimination 
bl EE o9 product. The trans isomer is less stable because 
strain is introduced when two ends of the double 


bromocyclodecane cis-cyclodecene bond are connected in a trans arrangement in this 
medium-sized ring. 


8.45 


8.46 With the strong base OCH;CH;, the mechanism is 22, whereas with dilute base, the 
mechanism is ЕІ. E2 elimination proceeds with anti periplanar arrangement of H and X. In 
the El mechanism there is no requirement for elimination to proceed with anti periplanar 
geometry. In this case the major product 1s always the most stable, more substituted alkene. 
Thus, C is the major product under E1 conditions. (In Chapter 9, we will learn that additional 
elimination products may form in the E1 reaction due to carbocation rearrangement.) 


Cl Since this is an E2 mechanism, 


/ ~ OCH;CHs dehydrohalogenation needs an anti 
ШШ '""" periplanar Н to form the double bond. 
strong base 


There is only one H trans to Cl, so the 


A E2 B disubstituted alkene B must form. 
а! 
/ CH4OH 
Мон SE ROS „О 
А EI B с 
disubstituted alkene trisubstituted alkene 


more stable 
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8.47 
Br 
pu —— qA + CHCH=CHCH3 
Ва B 1-butene 2-butene 
from loss of from loss of 
By H Bo H 
Na* -ОСН.СН. 19% 81% 
K* -OC(CH3)s 3396 6796 


The H's on the CH; group of the B» carbon are more sterically hindered than the H's on the 
CH; group of the В, carbon. Since К' OC(CH;); is a much bulkier base than Na” OCH;CH;, 
it is easier to remove the more accessible Н on Вл, giving it a higher percentage of 1-butene. 


8.48 H and Br must be anti during the E2 elimination. Rotate if necessary to make them anti; then 


eliminate. 
CH3 
a. C6H5 Br C6H5 CH3 
CH3 СЊСНа 
H cHcH, F? 
CH3 
Br Br 
p H CH; CH3 CH2CH3 Сену CH; 
rotate E2 CH; CHCH 
сене сна сене СНз 
CH;CHs Н 
СвН5 СвН5 
CH; H H CH;CHs 
c. Сену — CH;CHs 
СН; Вг rotate CH3 Br E2 cho CH, 
CH2CH3 СНз 
8.49 
cı two chair H н axial 
conformations, H Cl 
; H =» = (CH3),CH __| Choose this conformation. 
> H CI H H у 
< СН H axial CI 
CH(CH3); (CH3);CH AH B CH; 
H 


CI H 
(CH3)2CH Т] H TOES - C only product 
H H "s 

CH, CH; а 


. CH(CH3)2 
one axial H 
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Cl two chair H н axial 
b. conformations CH3 CI 
К H ep (CHs)2CH 7 H —| Choose this conformation. 
< CH3 H рн axial CI 
CH(CH (CH3)2CH Н 
(СНз) тА B 
| В 
Cl 2 H 
(CH3)2CH РА H CH3);CH 
CH3 H (сна сна AZA (СНз) бн 
В (loss of B, Н) 
1 (loss of B» Н) 
(B) two axial H's major product 2 
trisubstituted 
| ге- -draw | re-d raw 
D B (loss of B, H) 
с! с! р 
up = E | 
H H 
B В; H HB, H 
| -OH enantiomers 


This conformation reacts. 
axial Cl 


2 


(loss of B, H) 


(loss of B, D) 


sss RO 


H этот 


D 
Qu 
= H kim 
i A 
| 


This conformation reacts. 
axial Cl 


Vo 


(loss of B D) 
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8.50 
a. enantiomers enantiomers 
н CH; Hd H " H H H | | H H 
ESOS SLCHs, СНз, d 5 
CH3>C—C—CH2CHs c- c7 CHs S C- G-cH cH; ны е ы, E сс CHs 
СЕН СНзСН2` 4 ја с CH у ез 3 © 
СНз 3 СІ CH2CH3 CH4CH; 
c c3 B с D 
2-chloro-3-methylpentane 
-HCI | -HCI | -HCI | -HCI 
H and CI are arranged anti in 
each stereoisomer, for anti adi д Н. CH2CH3 H Он»; Cha п 
periplanar elimination. с=с C=C С=С, С=с, 
CH, , CH3 СНз , CHCH; CH4CH; , СНз 


/ \ 
CH3 | CH3 


identical identical 


. Two different alkenes are formed as products. 
c. The products are diastereomers: Two enantiomers (A and B) give identical products. A and B 
are diastereomers of C and D. Each pair of enantiomers gives a single alkene. Thus, 
diastereomers give diastereomeric products. 


8.51 
C=CH 
= CH2CHCl, NaNH5 
| (2 equiv) 
CH3 CH3 
l NaNH, Е 
b. | CH,CH?-C —CHCHPBr CH4CH?-C—C-CH 
CH3Br (2 equiv) СНз 
с! 
| NaNH 
C.  CH4- C- CH,CH 2  HC5C-CH;CH, + CH3—-C=C—CH3 
| (excess) 
Cl 
H H 
| | NaNH; 
i (60) (2 equiv) C eee ) 
equiv 
CI CI 4 
8.52 
Br н B 
| 
а. CH,;C=CCH, CH3~C—CH2CHs or CHs—C—C—CHs 
Br Br Br 
CHs СНз Br CHs Br CH3 
b. СН-С-СЕСН CH,4-C—C-CH, ог СН-С—СН-СНЊВг ог СНз-С— CH;CHBr? 
CH3 CH; Br СН CH3 
dm bru 
oe DX e а. 
Br H H H 
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8.53 
H H 


CH;-6-C-CH, CH4-CEC-CH,  CH3—CH=C=CH,  CH;-CH-CH-CH, 
Br Br | | | C 
2,3-dibromobutane sp sp sp 
A B 


8.54 Use the “Summary chart on the four mechanisms: Sy1, 532, El, or E2” on p. 8—2 to answer the 
questions. 


а. Both Syl and E1 involve carbocation intermediates. 

b. Both Syl and ЕІ have two steps. 

с. Snl, Sn2, El, and E2 all have increased reaction rates with better leaving groups. 

d. Both 552 and E2 have increased rates when changing from СНЗОН (a protic solvent) to 
(CH3)2SO (an aprotic solvent). 

e. In Syl and El reactions, the rate depends on only the alkyl halide concentration. 

f. Both 552 and E2 are concerted reactions. 

о. CH3CH3Br and NaOH react by ап 542 mechanism. 

h. Racemization occurs in Sy! reactions. 

i. In Syl, El, and E2 mechanisms, 3? alkyl halides react faster than 1° or 2° halides. 

j E2 and S42 reactions follow second-order rate equations. 


8.55 
Br OC(CH3)s SS ee 
"PNE sterically 
1° halide hindered base 
5,2 or E2 
b. УМУ HET ум “.гОСНСНа 32 
1° halide nie 
5,2 or E2 
Cl - 
| NH; 
с. CH4-C-CHs HCEC-CH; 
4 (2 equiv) 


dihalide strong base 


" rw DBU T E2 
T sterically 
1° halide hindered 
512 or E2 base 
CH;CH, — СН>СНз CH2CH3 
м CT OC(CH3)s CY | Cy E2 
Br sterically 
hindered major product 
2° halide base "ER 


511, 512, E1, E2 
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Br OCH2CH3 CHCH 
CH4CH,OH CHCH; ° 
f. CH2CH3 CH2CH3 + + 
т | weak base 
3" halide 
no 512 541 product E1 products 


9. (CHs),CH—CHCH,Br .2NaNH, (снаусн—с=сн 


dihalide P" 
CH 
h. Cl P — KOC(CHgS 5 
cau ер бон 
equiv 
(2 equiv) CH; 
"M^ DMSO 
dihalide 
А OCH5;CH; 
i pu CH3CH20H ш 2227 + снснеснсн; 
m weak base м1 product E1 product (cis and trans) 
2° halide E1 product 


51, 812, E1, E2 


d m E XS * сњењс(сну=сноњ + 
CI OH 


к weak base (cis and trans) 
3° halide 541 product E1 product 


no Sy2 


E1 product 


8.56 [1] NaOCOCH; is a good nucleophile and weak base, and substitution is favored. [3] KOC(CH3) 
is a strong, bulky base that reacts by E2 elimination when there is а В hydrogen in the alkyl 


halide. 
[1] NaOCOCH, [1] маососна 
a. CH,Cl CH30COCH3 с. | а! - ососн; 
[2] маосн; [2] маосн; 
сосн» [O ocn, = ГУ 
52 Е2 
[3] KOC(CH3) 
[BIKOC(CH)s сн,ос(сн,), з)з > 
cl OCOCH 
1] маососн 3 
b. (o [1] Na 5 C " Се [1] Маососн» (Locos, 
[2] маосн; + OCH; [2] NaOCH; . 
[3] KOC(CH3) С [3] КОС(СНа)з CI 
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8.57 


a. two enantiomers: 
њену ener) 


А B 

b. The bulky tert-butyl group anchors the cyclohexane ring and occupies the more roomy 
equatorial position. The cis isomer has the Br atom axial, while the trans isomer has the Br 
atom equatorial. For dehydrohalogenation to occur on a halo cyclohexane, the halogen must 
be axial to afford trans diaxial elimination of H and X. The cis isomer readily reacts since 
the Br atom is axial. The only way for the trans isomer to react 15 for the six-membered ring 
to flip into a highly unstable conformation having both (CH3)3C and Br axial. Thus, the trans 
isomer reacts much more о 


П diaxial 
(CH3)3C -2 > (CH ue * 


cis-1 due quias trans-1-bromo-4-tert-butylcyclohexane 
c. two products: OCH; 


C= (сне OCH D= (сну 


d. cis-1-Bromo-4-fert-butylcyclohexane reacts faster. With the strong nucleophile ОСН}, 
backside attack occurs by ап Sy2 reaction, and with the cis isomer, the nucleophile can 
approach from the equatorial direction, avoiding 1,3-diaxial interactions. 


1,3-diaxial interactions 


Br К, ү + 
TÄ H 
CH ‹ Я :OCHs LA А 
(СНз)з Ng (CH;}C Br 


axial approach 


equatorial approach preferred 
cis-1-bromo-4-tert-butylcyclohexane trans-1-bromo-4-tert-butylcyclohexane 


e. The bulky base OC(CH3); favors elimination by an E2 mechanism, affording a mixture of 
two enantiomers, A and B. The strong nucleophile ОСНз favors nucleophilic substitution 
by ап 542 mechanism. Inversion of configuration results from backside attack of the 
nucleophile. 


8.58 


Cl H K 
a. Pu p + 477ww 4 = + Ио 
strong base 


о bali 542 product j i i 
2° halide Sy2 and E2 N2 p major E2 product minor E2 product minor E2 product 


5,1, 5,2, E1, E2 inversion at 
У um stereogenic center 


Cl H HO H 
К но 
b. boum 2 joy c E 
ие weak base Sy1 products 
2° halide 5,1 and E1 МЕ 
511, Sy2, E1, E2 
Pa T “ХК Би as 


major E1 product minor E1 product minor E1 product 
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CH3 CH3 CH3 
CH3 сньон CHa — Hs 
© pre 3 OCH; + Хо + 
'CeHs weak base '"CcHs ‘OCH3 CeHs 
. 541 and E1 
3? halide 


$м1 products E1 product 
по 512 


"1 poe NaOH a Ре + _/ 
с! 


strong base OH 


2° halide 51,2 and E2 512 product major E2 product 
511, $м2, ЕЛ, E2 


CH3 25 СНз 
5 | је CH4COO Go 
| weak base 


3° halide good nucleophile 
no Sy2 Sy1 


minor E2 product 


achiral 
541 product 


JOH 
Br KOH & 
f i (trans diaxial elimination of D, Br) 
· Ss strong base “р 


512 and E2 
2? halide 


$м2 product 


E2 product 
511, 512, E1, E2 inversion at 
stereogenic center 
8.59 
Che ae. OG OF: CK: OC OL 
77 Cl weak base 720CHs 7 
541 and E1 ' OCH; 
Зм 5х1 Е1 Е1 Е1 
KOH 
xi acı Strong base un * 
2 E2 
8.60 
бн» сњ 
Вг E 
2 O + OC(CH3)3 €— Фе“ 
strong 


CH3 CH, 
eere bulky base - t 
3° halide E2 or or 


major product 
more substituted alkene 


No substitution occurs with a strong bulky base and a 3° RX. The C with the leaving 
group is too crowded for ап Sy2 substitution to occur. Elimination occurs instead by an 


E2 mechanism. 
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b В, осн —Ж- см 
1° halide — strong nucleophile 
= OCH 
512 > 3 
All elimination reactions are slow with 1? halides. 
The strong nucleophile reacts by an 542 mechanism instead. 
CH3 


2 CY тон [oS product only 
strong base Chs 
2 g More substituted 
alkene is favored. 


3° halide E 
d. I ^w. minor product only 
CI | 
mes good nucleophile, - 
2" halide weak base db dn 


I 
512 favored major product 


The 2? halide can react by an E2 or Sy2 reaction with a negatively charged nucleophile or base. 
Since Г is a weak base, substitution by ап 52 mechanism is favored. 


8.61 
3? halide, weak base: 
541 and E1 
CH3CH,0OH 
a. pe s Pew 
tcl overall — OCH,CH3 
reaction 
The steps: | | 
Sy P ” p А Any base (such as СНАСЊОН ог СГ) can 
снзсн,бн а be used to remove a proton to form an 
"en H alkene. If СГ is used, HCI is formed as a 
ог р reaction by-product. If CH3CH2OH is used, 


ee "P ДА. (CH3CH,OH,)* is formed instead. 
+ + HCI 


E1 + t те p * HCI 
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CH3 CH; 
b. ci Он + + њо + CIT 
overall 


3° halide reaction 


strong base 
E2 Gts CH3 
eu one step CY 
Each product: Ho cm 
о 
ог + HÖ + а“ 
( он 
Сн; й 9 
54 


O E | 
one step 


8.62 Draw the products of each reaction with the 1° alkyl halide. 


cı NaOCH,CH3 OCH.CH DBU 
a. un du Ex o NE у iod 2778 " d и“ 2E ANA 
d - strong. Hc ^ > sterically 2 
leophil Hos i mo 
nucleophile hindered base 
8512 Е2 
с! KCN CN 
Рави к 
ds strong ЕДО 
nucleophile 
8.63 
H .. ‘OH 
/ H20 dT 
eo | ОСЕ | у i 
Е V ы Е 
H H H 
+ 
H OH 
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8.64 


CH3-CHCH; 
Br 


8.65 
CI 


3? halide 
weak base 
541 and E1 


good nucleophile 


[9] 
j 


С 
сну ~O7- 


CH3CH20— 


strong base 


CH3OH 


Alkyl Halides and Elimination Reactions 8–29 


на QMCH CH3COO7 is a good nucleophile and a weak base 


«c^ Ch and so it favors substitution by 512. 


CH3— CHCH; + СН.СН=СНЬ The strong base gives both 542 and 


ÓCH;CH; E2 products, but since the 2? RX is 
somewhat hindered to substitution, 
20% 80% the 22 product is favored. 


+ 


OCH; 
OC 3 


© „беди Е У o. OCH, 


H Є 
or 3 к = + На 


оњ Осн» 


"a 


a^ 
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8.66 E2 elimination needs a leaving group and a hydrogen in the trans diaxial position. 


Tl CI Cl 
Two different 
conformations: ү —— се хе а 
CI CI 
CI CI 


This conformation has Cl's This conformation has по Cl's axial. 
axial, but no H's axial. 


For elimination to occur, a cyclohexane must have а H and Cl in the trans diaxial arrangement. 
Neither conformation of this isomer has both atoms—H and Cl—axial; thus, this isomer only 
slowly loses HCl by elimination. 


8.67 
H and Br are anti periplanar. СНзО- а о 
Elimination can occur. ~o 
—HBr Е . 
H major product 
Elimination can occur here. 
Kk о 
H (in the ring) and Br are NOT anti periplanar. Ze Br— H 
Elimination cannot occur using this H. CH307 o 
Instead elimination must occur with the HBr ng 
H on the СН. group. H 
Elimination cannot occur in the ring 
because the required anti periplanar geometry is not present. 
8.68 
leaving group 
H H 
N H H N H H 5 
сењо у Ja. > DBN сено NF T 
B 6 S overall reaction S o M ( о 
H ES 
“~ o^ CH,Cl 
512 
E2 H 
A sequence of two reactions forms the N PLU & Е 
final product: E2 elimination opens the сено 09 
five-membered ring. Then the sulfur О o N Cy 
nucleophile displaces the СГ leaving group X О 
to form the six-membered ring. 
8.69 
H D CH3 CH3 Br H CH H 
^, \ / \ ZO CHs 3 
a. Фе A boy qo Soe" Zn ~ 
н`{ WH сна 4 N E N 
SeOCeH5 Br Br H Br H CH3 
SeOC&Hs and H are on the Both Br atoms are on the opposite 
same side of the ring. sides of the C-C bond. 


syn elimination anti elimination 
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8.70 One equivalent of NaNH; removes one mole of HBr in an anti periplanar fashion from each 
dibromide. Two modes of elimination are possible for each compound. 


NaNH 
CH3 а? 


С2 


Н апа Вг аге апїї регїр!апаг оп 
C1 and C2 as drawn. 


H and Br anti 
periplanar. 


Two different 


Rotate to make rotations are needed. 


H and Br anti 
periplanar. 


NaNH; Ф 


loss of H from C1 
loss of Br from C2 
С 


loss of H from C2 
loss of Br from C1 
E 


loss of H from C2 
loss of Br from C1 
D 


Q CH3 


loss of H from C1 
loss of Br from C2 
F 


b. C and F are diastereomers. 
D and E are diastereomers. 
C and D are constitutional isomers. 
E and F are constitutional isomers. 
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Chapter 9 Alcohols, Ethers, and Epoxides 
Chapter Review 


General facts about ROH, ROR, and epoxides 
e All three compounds contain an O atom that is sp? hybridized and tetrahedral (9.2). 


= PO 609  .. 

© . pou О 
CH4 `H СНз СНз 

жыў хи Hi УН 

1099 1119 H H 
an alcohol an ether an epoxide 


e All three compounds have polar C—O bonds, but only alcohols have an O-H bond for 
intermolecular hydrogen bonding (9.4). 


н о ^.^ 
f Кы О. UH 
pk = о EN ӨӨ = H Rd 
"d H b H H 


hydrogen bond 


e Alcohols and ethers do not contain a good leaving group. Nucleophilic substitution can occur 
only after the OH (or OR) group is converted to a better leaving group (9.7A). 


CON + E 
R-OH + Bel = АТОН» | + Cl 


strong acid 


weak base 
good leaving group 


e Epoxides have a leaving group located in a strained three-membered ring, making them reactive 
to strong nucleophiles and acids HZ that contain a nucleophilic atom Z (9.15). 
leaving group 


With strong nucleophiles, co | P H—OH | RH 
/N „, , 
:Nu oue- Ou —— с. <. + он 
dii > [1] NÉ [2] Nú 
:Nu 


A new reaction of carbocations (9.9) 
e Less stable carbocations rearrange to more stable carbocations by shift of a hydrogen atom or an 
alkyl group. Besides rearrangement, carbocations also react with nucleophiles (7.13) and bases (8.6). 


| | 1,2-shift | | 
B R 
(or H) (or H) 


Preparation of alcohols, ethers, and epoxides (9.6) 
[1] Preparation of alcohols 


вон | + x- e The mechanism 15 572. 
e The reaction works best for CH3X and 1° ВХ. 
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[2] Preparation of alkoxides (a Bronsted—Lowry acid-base reaction) 


alkoxide 


[3] Preparation of ethers (Williamson ether synthesis) 


- e The mechanism is 512. 
R-X + R * X 
e The reaction works best Тог CH3X and 1° ВХ. 


[4] Preparation of epoxides (intramolecular $2 reaction) 


gU X Ne e A two-step reaction sequence: 
HUS oe p 9 x [1] Removal of a proton with base 
"n "у А forms an alkoxide. 
hal ; КА X [2] Intramolecular $42 reaction forms 
alohydrin E М 
H-B the epoxide. 


Reactions of alcohols 
[1] Dehydration to form alkenes 


[a] Using strong acid (9.8, 9.9) 
e Order of reactivity: ВзСОН > R2CHOH > 


ЕСЊОН. 
Lio н о И | Ze 
сс "S FN + HO е The mechanism for 2" and 3° ROH is El; 
H OH TsOH carbocations are intermediates and 


rearrangements occur. 
e The mechanism for 1° ROH is 22. 
e The Zaitsev rule is followed. 


[b] Using РОС and pyridine (9.10) 


The mechanism is E2. 


| | РОСЬ \ у ! 
сс pyridine а ©. + HO e No carbocation rearrangements occur. 
H он 


[2] Reaction with HX to form RX (9.11) 


В-он + нх - + HO e Order of reactivity: ЕСОН > R2CHOH > 
ЕСЊОН. 

e The mechanism for 2? and 3° ВОН is Syl; 
carbocations are intermediates and 
rearrangements occur. 

e The mechanism for CH3OH and 1° ВОН is 572. 
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[3] Reaction with other reagents to form RX (9.12) 


R-OH + SOC —— 
pyridine e Reactions occur with CH3OH and 1° and 2° ROH. 
R-OH + PBr3 R—Br e The reactions follow an 512 mechanism. 


[4] Reaction with tosyl chloride to form alkyl tosylates (9.13A) 


\ / С° e The C—O bond is not broken so the 
configuration at a stereogenic center is 


О 
retained. 


R-OH + CI 


9 = о 

i 
5 5 
n | 


ridine 
€T a d 


Reactions of alkyl tosylates 
Alkyl tosylates undergo either substitution or elimination depending on the reagent (9.138). 


: Nu | | NT : Е А а 
а c-c + “OTs e Substitution is carried out with strong :Nu , 
| | H Nu so the mechanism is 552. 
H OTs B -— ete e Elimination is carried out with strong bases, 
so the mechanism is E2. 
+ ОТ 


Reactions of ethers 
Only one reaction is useful: Cleavage with strong acids (9.14) 


R-O-R' + H-X 2 (ox) + HO © With 2° and 3° В groups, the mechanism is 


(2 equiv) Sul. 
(X = Вгог 1) e With CH; and 1? В groups the mechanism is 
512. 


Reactions of epoxides 
Epoxide rings are opened with nucleophiles Ми and acids HZ (9.15). 


e The reaction occurs with backside attack, 


О — M resulting in trans or anti products. 
ES Ex Un Cae [lhe e With Ми, the mechanism is 552, and 
d N or nucleophilic attack occurs at the less 
HZ 


substituted C. 

e With HZ, the mechanism is between 51 
and Sy2, and attack of Z occurs at the 
more substituted C. 
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Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 


um JEEP 


2. Draw the organic products formed in each reaction. Draw all stereogenic centers using wedges 
and dashes. 


z 
- O75 us 
(2 equiv) 


HO 


[1] NaH 
b. Е [2] CHSCH;Br 
OH 


H 


D 
= 1] TsCl, pyr 
C. — т _П1Т8С руг, ] Py 


[2] маосна 


e. © маем 
y [2] H2O 


f. d EM (ld 


OH 


H5SO, 
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3. What starting material is needed for the following reaction? 


[1] TsCl, pyridine 
[2] NaOCH3 


"ОСН 


CH3CH;CH5 


4. What alkoxide and alkyl halide are needed to make the following ether? 


(_ )-о-оњоњонн, 


Answers to Practice Test 


1. a.3-ethoxy-2- 2. d Br Br 3. 
d T, + 
methylhexane i 
(cnt + 1 ( 


а: он 
СНзСНЬСНь 
b. 4-ethyl-7-methyl- / он 4. 
3-octanol "Fw е | (ye 
b. | EN 
OCH2CH3 + 


XCH2CH2CH(CH3)2 


Answers to Problems 


9.1 e Alcohols are classified as 1°, 2°, ог 3°, depending on the number of carbon atoms bonded to 
the carbon with the OH group. 
e Symmetrical ethers have two identical R groups, and unsymmetrical ethers have R groups 
that are different. 


OH 
Ss oS ОН UAE. И eh ос 
1? alcohol 2? alcohol symmetrical ether unsymmetrical ether 


р | pur ane = 


3° alcohol 1° alcohol unsymmetrical ether 
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9.2 Use the definitions in Answer 9.1. 


9.3 To name an alcohol: 


[1] Find the longest chain that has the OH group as a substituent. Name the molecule as a 
derivative of that number of carbons by changing the -e ending of the alkane to the suffix -ol. 
[2] Number the carbon chain to give the OH group the lower number. When the OH 


group is bonded to a ring, the ring is numbered beginning with the OH group, and the “1" 
is usually omitted. 


[3] Apply the other rules of nomenclature to complete the name. 


1 
| 
а. П] АТА eae [2] KN On [3] 3,3-dimethyl-1-pentanol 
5 carbons = pentanol | | 
b. [1] oe [2] ore" [3] cis-2-methylcyclohexanol 
OH {Тон 
6 carbon ring = cyclohexanol 1 
<— 6-methyl 
c. П] OH [2] | 27 OH [3] 5-ethyl-6-methyl-3-nonanol 


Ра Ly? 
9 carbons = nonanol | 
E 5-ethyl 


9.4 To work backwards from a name to a structure: 
[1] Find the parent name and draw its structure. 
[2] Add the substituents to the long chain. 


OH f aN 2 
a. 7,7-dimethyl-4-octanol ~ak c. 2-tert-butyl-3-methylcyclohexanol / 
4 |он 
1 
2 OH 
b. 5-methyl-4-propyl-3-heptanol / 


d. trans-1,2-cyclohexanediol C 
aT i 
3° он а 


а 
ар 

о 
О o 
ab EE 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 239 


Alcohols, Ethers, and Epoxides 9—7 


9.5 To name simple ethers: 


9.6 


9.7 


[1] Name both alkyl groups bonded to the oxygen. 
[2] Arrange these names alphabetically and add the word ether. For symmetrical ethers, name 
the alkyl group and add the prefix di. 


To name ethers using the IUPAC system: 

[1] Find the two alkyl groups bonded to the ether oxygen. The smaller chain becomes the 
substituent, named as an alkoxy group. 

[2] Number the chain to give the lower number to the first substituent. 


a. common name: IUPAC name: 
CH35-0- CH;CH;CH;CHs CHa4- O1 CH;CH?CH,CH, ~—larger group – 4 C's 
| | | butane 
substituent: 
methyl butyl methoxy 


butyl methyl ether 1-methoxybutane 


b. common name: IUPAC name: 


ОСНз OCH; ~—substituent — 
CY | CY methoxy 
| methyl 


cyclohexyl larger group – 6 C's 


cyclohexane 


cyclohexyl methyl ether methoxycyclohexane 


c. common name: IUPAC name: 
CH3CH5CH5 - O - CH2CH2CHs CH3CH35CH5- O T СНСНСНа 
propyl propyl ы 76 ргорапе 
Чїргору! еїһег 1-ргорохургорапе 


Name the ether using the rules from Answer 9.5. 


1 СН; 
CHs]C—-0-CHs 
| сњ 

2-methyl | 2-methoxy 

propane 
2-methoxy-2-methylpropane 


Three ways to name epoxides: 

[1] Epoxides are named as derivatives of oxirane, the simplest epoxide. 

[2] Epoxides can be named by considering the oxygen as a substituent called an epoxy group, 
bonded to a hydrocarbon chain or ring. Use two numbers to designate which two atoms the 
oxygen is bonded to. 

[3] Epoxides can be named as alkene oxides by mentally replacing the epoxide oxygen by a 
double bond. Name the alkene (Chapter 10) and add the word oxide. 
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Three possibilities: Но Three possibilities: 
" О [1] те{һу!охїгапе c 7 [1] cis-2-methyl-3-propyloxirane 
| A> [2] 1,2-epoxypropane ` 'ӨН  [2]cis-2,3-epoxyhexane 
СНз [3] ргорепе oxide [3] cis-2-hexene oxide 
1 
| СНз -—— 1-methyl Two possibilities: 
[1] 6 carbons = cyclohexane 

b. о- epoxy group 1,2-epoxy-1-methylcyclohexane 

2 [2] 1-methylcyclohexene oxide 


9.8 Two rules for boiling point: 
[1] The stronger the forces the higher the bp. 
[2] Bp increases as the extent of the hydrogen bonding increases. For alcohols with the 
same number of carbon atoms: hydrogen bonding and bp’s increase: 3° ROH < 2° ROH < 


1° ROH. 
СНз СНз OH 
OH OH 
a. 
OH 
ЕН pend joe 3°ROH  2*ROH 1° ROH 
intermediate bp hydrogen lowest bp intermediate bp highest bp 
bonding 
highest bp 


9.9 Strong nucleophiles (like CN) favor 532 reactions. The use of crown ethers in nonpolar 
solvents increases the nucleophilicity of the anion, and this increases the rate of the Su2 
reaction. The nucleophile does not appear in the rate equation for the Sn1 reaction. Nonpolar 
solvents cannot solvate carbocations, so this disfavors Syl reactions as well. 


9.10 Draw the products of substitution in the following reactions by substituting OH or OR for X in 
the starting material. 


а. CH&CH;CH;CH;-Br + OH CH&CH,CH,CH,-OH + Br alcohol 


b. а + осн. + `` “осн + Cl unsymmetrical ether 


C. (оу сњана + OCH(CH, = (у оњонгоснсна, + ГО unsymmetrical ether 
а. paw + OCH,CH, | —— pour * Br unsymmetrical ether 


9.11 Two possible routes to X are shown. Path [2] with a 1? alkyl halide is preferred. Path [1] cannot 
occur because the leaving group would be bonded to an sp? hybridized C, making it an unreactive 
aryl halide. 
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E 
BUE 


aryl halide 
На 
Е 
97 
о 
ы, [2] 
as ^6 referred 
N 
CH3 
1° alkyl halide 


9.12 NaH and МаМН) are strong bases that will remove a proton from an alcohol, creating а 
nucleophile. 


A Aes О: + Н 


а. CH4CH;CH;-O*H + ману ——» СНБСН»СН»-О: Nat 


КЕД) |a" 
CHER pm — 424% + Nat + NH3 


оаа „H (wen H: dan сненне + Nat+ H3 
уроон + Br 
$) | кые OR 


d. `H Ма*н: = .. 
+ Ма“ + Н, О + Br 
Br Br 


C6H100 


9.13 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 
product. 


І 
а. СНз-С-СнНз Тон. сњ=сн-Ссна + Њо 


он 
CHCH; 
b. о TsOH JO=CHCH, + 77 + њо 
OH CH3 СН» 


trisubstituted disubstituted 
major product minor product 
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СНз 


CH, CH; 
c. Cy TsOH CY + Cy + н.о 


trisubstituted disubstituted 
major product minor product 


9.14 The rate of dehydration increases as the number of R groups increases. 


СН 
OH 
CY LX Cu 
HO CH3 
1° alcohol 2° alcohol 3° alcohol 
slowest reaction intermediate fastest reaction 
reactivity 
9.15 
transition state [1]: transition state [2]: 
t 5 + 
H H---OSOgH 
CH3CH,—C—H ' 
бз он еы 
H---OSO;H О 
9.16 
©» 
HH HSO; H 
T 
idi This alkene is also formed in addition 
В to Y from the rearranged carbocation. 
rearranged 3? carbocation + 2504 


The initially formed 2? carbocation gives two alkenes: 


or 
мн H H 
HSO, Ла 
+ d + CH» < 
HSO, 


9.17 
CHa ti t ÇH " tO 
rearrangemen 
a, CHs-C—G-CH,CH, IPRITangement | сн-С—С-СЊСЊ с. bare + 
INF 1,2-H shift + | eee з= =, 
H ' H 1,2-methyl shift 
2? carbocation 3? carbocation а : : 
more stable 2" carbocation 3? carbocation 
more stable 
_ rearrangement A 
m т 1,2-H shift 
2? carbocation 3? carbocation 


more stable 
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9.18 
СНзн СНзН CH; H 
ГА Но | | | | 
ELA a p бе осы + бе о + на 
H CI overa ; : 
reaction ERON Om 
А 
The steps: 
qrah она H 
CH3 c С-СНз = CHa—-Ç—C-CHs 
^) 
= H x H :О-н 
+ C нб: Оен 
апа H бї: 
Она! TS Ham 
СНз F ~ CH3~C—C-CHg CHs~C—C-CHs 
H yo H H-0; H 
2° carbocation H20: 3? carbocation Hy 
Rearrangement of H forms Cl: 
amore stable carbocation. = 
9.19 
СНз СНз Вг 
el | OH HBr 
а. CHy-C-CH;CHs CH;-C-CH;CHs + НгО с. Ы d —— did d + HO 
ÓH с! 


HI 
b. [У он 


+ Но 


920• CH3OH and 1° alcohols follow ап S42 mechanism, which results in inversion of configuration. 
e Secondary (2°) and 3? alcohols follow ап Sxl mechanism, which results in racemization at 


a stereogenic center. 


н OH LH 
NE HI <: 19 А А | | 
а. C—D —— C—D alcohol so inversion of configuration 
CH34CH5;CH5 CH34CH5CH5 


HBr 


СНа 
OE =. 


achiral starting material 


HCI 


HO = 
c. p. 


3? alcohol, so Br attacks from above and below. 
The product is achiral. 


Br 
CH3 
achiral product 


3? alcohol = racemization 
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9.21 


Ore OF OL -=- Се 
OH 
(product formed after a 1,2-H shift) 
CI 
HCI 
b. GNE 
OH 


(product formed after а 1,2-СНа shift) 


9.22 Substitution reactions of alcohols using SOCI, proceed Бу an 542 mechanism. Therefore, there 
is inversion of configuration at a stereogenic center. 


H OH soci, ан Reactions using SOCI» 


p y a В proceed by ап 52 mechanism = 
pyridine 


inversion of configuration. 
R S 


9.23 Substitution reactions of alcohols using PBr3 proceed by ап Su2 mechanism. Therefore, there is 
inversion of configuration at a stereogenic center. 


H OH РВгз Br H Reactions using РВгз 


pa proceed by an 512 mechanism = 
= 5 inversion of configuration. 


9.24 Stereochemistry for conversion of ROH to RX by reagent: 
[1] HX—with 1°, 5502, so inversion of configuration; with 2° and 3°, Snl, so racemization. 
[2] $ОСЬ—5$к2, so inversion of configuration. 
[3] PBr3—S 4, so inversion of configuration. 


PB 
a NN OH SOCL УУ с. = fa % “Br 


pyridine 
Sn2 = 


OH I L ~ inversion 


3° alcohol, Sy1 = 
racemization 


9.25 To do a two-step synthesis with this starting material: 
[1] Convert the OH group into a good leaving group (by using either PBr; ог SOCI). 
[2] Add the nucleophile for the 5х2 reaction. 
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: j 
№ СНз-С-№з 


H H 
РВгз a CH3 
~ CH3CH,0 | 
CHs CHs = H 


| 
CH;-C-OCH;CH; 


. CH3 
bad leaving good leaving 
group group 
9.26 
— ? 
а. CH$CH;CH;CH;-OH + СН, \ И SO;CI - CH,CHCH,CH,-O-S—{ )—сн, + Cl 
pyridine б 
H OH H OTs 
b 15 TsCI ME _ 
UC. ——— pom + CI 
CH3CHsCH,~ “СНз pyridine СНэСН»СНУ “СНз 
9.27 
_ 512 
а. оте UON 2%“, gy Ота 
x strong 
1° tosylate nucleophile 


b. СНзСН»СН»-ОТ$ + K+ -ОС(СНЗ)з Be CH4CH-— CH; + Kt “OTs + НОС(СНУ)з 


1? tosylate strong bulky 
base 
H HS 
~ OTs >H 
S = S 512 product 
Ру CTE d о 5\2 GHg e (inversion of configuration) 
strong N 
СНСНСНа айсїеорпйг CH4CH4CHs 
2? tosylat 
озу (Substitution is 
favored over 
elimination.) 
9.28 
HO H TsCl TsO. Н NaOH H OH - - - - 
pa Pu pa One inversion from starting material 
pyridine Sy2 to product. 
5 retention inversion 
R 


+ enantiomers — 


9.29 These reagents can be classified as: 
[1] SOCb, PBr3, HCl, and HBr replace OH with X by a substitution reaction. 
[2] Tosyl chloride (TsCl) makes OH a better leaving group by converting it to OTs. 
[3] Strong acids (H2SO,) and POCI; (pyridine) result in elimination by dehydration. 
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H H H H 
| SOCI, | | НВг | 
а. CH3;-C-OH ——„ нз—С—С! d. Снз-С-Он CH3- C—Br 
| pyridine | | | 
CH; CH; CH; CH; 
i Н Н 1]PB Н 
b. CH,-C-OH 1801 CH3—C-OTs e. COH,-C-OH ПР, сн,-6-см 
| pyridine | [2] МаСМ ] 
СН; CH3 CH; CH; 
| Н 
c. CH,-C-0H —*99., он,=онсн, t. Сна-с-он POC сн,=снсн, 
бн» бн» pyridine 
9.30 
HBr HBr 
a. CH,CH,-O-CH,CH; 2CH,CH,-Br + НО с. { )—о-ов (у 
СНз СНз + СНзВг + ЊО 


| | 
b. CHa- C- O-CH;CHs CH4-C-Br + СНзСНЬВг + НО 
H H 


9.31 Ether cleavage can occur by either an 51 or Sy2 mechanism, but neither mechanism can occur 
when the ether О atom is bonded to an aromatic ring. An 5х1 reaction would require formation 
of a highly unstable carbocation on a benzene ring, a process that does not occur. Ап Su2 
reaction would require backside attack through the plane of the aromatic ring, which is also not 
possible. Thus, cleavage of the Ph-OCH; bond does not occur. 


HB 
{ осн, Г C он + CHBr C 29 


anisole phenol bromobenzene 
NOT formed 
1: 2: 
SN M 5 Sn х „сна 
(Мон ли РА = „= 
| .t H 
H | 
highly unstable В 
carbocation - 


9.32 Two rules for reaction of an epoxide: 
[1] Nucleophiles attack from the back side of the epoxide. 
[2] Negatively charged nucleophiles attack at the less substituted carbon. 


„СНз = „СНз о H 
[21 но , b он Анно сну“ 
| OCH;CH; м BP C N 
Attack here: Attack here: © 
less substituted C less substituted C 


backside attack backside attack 
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9.33 In both isomers, OH attacks from the back side at either С-О bond. 


cis-2,3-dimethyloxirane 


i - H :OH HO: 4 i: 
VM [1] “OH cu 7 SEC 07 
нус Сен Pans + 0—6 ——— py бен 
[2] H2O “H » [2] H2O 
CH3 CH3 2 HO: CH, e он 2 CH 4 
К enantiomers - 
но: HO: 
O Я :OH О : = : ^ 
R [1] -OH CHa 7 es Sie [1] -OH 1077 
NUN - С—С, + сс m 
ни ~ СН / c » Hy V'CHs 
H ` 2] HO 
сні H [2] НО нај Ус з H if ton [2] Hə сна ee 
HO: identical 
7 Rotate around the C-C bond to HO: 
trans-2,3-dimethyloxirane see the plane of symmetry. 
HO OH 
\ / 


meso compound 


9.34 Remember the difference between negatively charged nucleophiles and neutral nucleophiles: 
• Negatively charged nucleophiles attack first, followed by protonation, and the nucleophile 
attacks at the less substituted carbon. 
• Neutral nucleophiles have protonation first, followed by nucleophilic attack at the more 
substituted carbon. 
But, trans or anti products are always formed regardless of the nucleophile. 


Br CH3CH OH 
S ch A CHO Hoa 
" о на CX oo cuo Na ОНОН CORR Г 
OH CHCH; H #;504 / WOH 
... CH3CH;O H 
neutral nucleophile: neutral nucleophile: 
attack at more attack at more 
substituted C substituted C 
“СНз S CH3 HO 
` [1] CN ОН E H 
3o LN, 1] CH3O ЗАН 
7 [2] ЊО CX CHgCHo' у \н а. ус 
А 'CN CHCH; H — [2]CH5OH сн.снх [oM 
i СНзСН 3 
Ecce negatively charged is 
: nucleophile: 


attack at less 
substituted C 


attack at less 
substituted C 
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9.35 
2 
но 3 6 Ста —— cyclohexanol 1 1,2-epoxy-1-ethylcyclopentane 
a. ion 2 CH,'s at СЗ c. О ог : 
3,3-dimethylcyclohexanol 2 1-ethylcyclopentene oxide 
Р ethyl isobutyl ether 
b. 2 О or 
3 1 1-ethoxy-2-methylpropane 
9.36 


а. (1R,2R)-2-isobutylcyclopentanol f. NaH 
b. 2? alcohol [1] 
HO ^O 
TD A 
HO N #50, " ~ 
^ [2] 
с. stereoisomer HO 
AS РОС!» 
bd [3] — E 
> pyridine 


ЗОСЊ 
[5] idi ~ 
T d pyridine с] 
OH 
PNS TsCl 
(1S,3S)-3-isobutylcyclopentanol [6] mS 
« pyridine 


TsO 


z 


(1R,2S)-2-isobutylcyclopentanol [4] 


d. constitutional isomer 


ово 


e. constitutional isomer with an ether 


Lbs 
butoxycyclopentane 


9.37 


2? alcohol 


~ HBr BR uH H Br ol 
a. pue 2 PW wu + pw 541 = racemization 
5 R 


HO H PBr, H Br PBr follows 


"Ww D 512 = inversion. 


R 


Cl H на 2? alcohol 


~ на! Е А m ol 
С. P AAN PW дур 541 = racemization 


5 R 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 249 


Alcohols, Ethers, and Epoxides 9-17 


HO H _$0СЬ _ ©! SOCI; follows 
pu pyridine ASL 512 = inversion. 


9.38 Draw the structure of each alcohol, using the definitions in Answer 9.1. 


1° 2° 3? enol 


9.39 Use the directions from Answer 9.3. 


a. (CH3)£CHCH;CH5CH2OH 
[1] H [2] H 1 [3] 4-methyl-1-pentanol 
CH3~C—CH,CH,CHz0H CH3—C~-CH,CH,CH,0H 
CH3 CH3-— 4-methyl 
5 carbons - pentanol 
b. (CH3)2CHCH2CH(CH2CH3)CH(OH)CH2CH3 
ин H OH [2] H H OH —3 [3]  4-ethyl-6-methyl-3-heptanol 
CHs5-C-CH;-C- CH—CH;CH; СНз ССН, ССН CH;CH; 
CH, CHCH; СНз CH;CHs 


7 carbons - heptanol 
Р 6-methyl ^ 4.ethyl 


== 5-methyl 
[1] [2] [3]  4-ethyl-5-methyl-3-octanol 
н \4 ethyl 
ES d 


8 carbons - octanol 
d. 4 1 


[1] но—( он [2] Hb у Ре [3]  cis-1,4-cyclohexanediol 
cyclohexanediol cis 
e, HO HO 
[1] п [2] Ја [3] (2R,3R)-2,3-butanediol 
2 2 "7 
HO H HO H 
4 carbons - butanediol 21,36 
f. ; 
OH [2] А он, [3]  5-methyl-2,3,4-heptanetriol 
= A 
OH OH OH OH 


7 carbons = heptanetriol 


g. 


[1] Pa [2] h № [3]  trans-3-isopropylcyclopentanol 
HO" CH(CH3); HO" CH(CH3); 


5 carbons - cyclopentanol 
3-isopropyl 
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9.40 Use the rules from Answers 9.5 and 9.7. 


a. с. «1 
ео x 
dicyclohexyl ether 1,2-epoxy-2-methylhexane 


or 2-butyl-2-methyloxirane 
or 2-methylhexene oxide 


~— 4,4-dimethyl 


b POF RS сна СНз 
| bon. elise d. CH;-6-0-6-CH; 
H2CH2CH3 
longest chain = CH; CH; 
heptane | 
substituent = 
3-propoxy tert-butyl tert-butyl 


4,4-dimethyl-3-propoxyheptane di-tert-butyl ether 


9.41 Use the directions from Answer 9.4. 


а. 4-ethyl-3-heptanol 3 4 f. diisobutyl ether Pe ee 
pe 


OH g. 1,2-epoxy-1,3,3-trimethylcyclohexane 


b. trans-2-methylcyclohexanol cr ou ө: 
TH Chg h. 1-ethoxy-3-ethylheptane 
c. 2,3,3-trimethyl-2-butanol X — 


. i. (2R,3S)-3-isopropyl-2-hexanol 
d. 6-sec-butyl-7,7-diethyl-4-decanol ae 3 1 
2 
„7% 
| OH 
4 ! 
7 


j. (2S)-2-ethoxy-1,1-dimethylcyclopentane 
1 2 3 
но ^а 
OH 


о 


e. 3-chloro-1,2-propanediol 


2 8 
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9.42 
Eight constitutional isomers of molecular formula C5H;20 containing an OH group: 
27 1,0Н 1-pentanol [3-17 он 93-methyl-1-butanol `` Тон 2-methyl-1-butanol 
1° alcohol 1? alcohol | 1? alcohol 
i 
2-pentanol | 
Му ——— ы -2- 
2° alcohol 2-L49" — 22.dimethyl-1-propanol es 3-methyl-2-butanol 
1? alcohol он 2? alcohol 


2-methyl-2-butanol 
3° alcohol 


| o 
он 2? alcohol 


Pct 3-pentanol р 
2 


9.43 Use the boiling point rules from Answer 9.8. 


a. | CHa3CH?0CH3 (СНз)>СНОН CH3CH2CH20H 
ether 2° alcohol 1° alcohol 
no hydrogen bonding hydrogen bonding hydrogen bonding 
lowest bp intermediate bp highest bp 


b.  CH3CH;CH2?CH;CH;CHs CH3CH2CH2CH2CH;CH20H HOCH2CH2CH2CH2CH2CH2OH 
no OH group one OH group two OH groups 
lowest water solubility intermediate water solubility highest water solubility 


9.44 Melting points depend on intermolecular forces and symmetry. (CH3)CHCH20H has a lower 
melting point than CH3CH2CH2CH2OH because branching decreases surface area and makes 
(CH3)2CHCH20OH less symmetrical so it packs less well. Although (CH3);COH has the most 
branching and least surface area, it is the most symmetrical, so it packs best in a crystalline 
lattice, giving it the highest melting point. 


pur" ОН bad 


—108 °С —90 °C 26 °С 
lowest melting point intermediate melting point highest melting point 


9.45 Stronger intermolecular forces increase boiling point. All of the compounds can hydrogen 
bond, but both diols have more opportunity for hydrogen bonding since they have two OH 
groups, making their bp's higher than the bp of 1-butanol. 1,2-Propanediol can also 
intramolecularly hydrogen bond. Intramolecular hydrogen bonding decreases the amount of 
intermolecular hydrogen bonding, so the bp of 1,2-propanediol is somewhat lower. 


Increasing boiling point 


——————————— À 


он HOW HO^ ~~~ "OH 
OH 
1-butanol 1,2-propanediol 1,3-propanediol 


118°C 187 °C 215 °С 
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9.46 
H,SO 
a. СЊАСЊСЊОН  —— 2 . CHCH=CH; + ЊО 


NaH - 
b. CH3CH,CH,0H — = —- СНзСН»СН>О Nat + He 
HCI 
C. CH3CH2CH2OH CH3CH2CH2C!l + НО 
ZnCl 
d. CH4CH,CH,OH Не? CH,CH,CHjBr + H,O 
€. CH3CH;CH,OH а CH3CH5CH;CI 
pyridine 
PBr. 
Шо Пол Којо З CH3CHsCH,Br 
TsCl 
. CH3CH,CH20H 
9 зет С 2 pyridine CH3CH5CH;OTs 
[1] NaH [2] СНАСН;Вг 


h. CH3CH2CH2OH 


СНзСН>СН»О Ма | — —— — — À- CHCH CH2OCH2CH3 


i. сњењсњон 111°! ‚ сн,сн,сн,отѕ 2213а5Н — ou cu on sn 
9.47 
a (Сон мн. ox Nav g он но, _ O . CY + њо 
UA + He 
b OH __ NaCl , wR f N.R. 


OH ман (Ce [2] CHCH;Br Өш 
он РОСЬ : 
pyridine 


9.48 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 
product. 


TsOH 
à. Ag sO u.s 
OH 


tetrasubstituted disubstituted 
major product 


CHCH; CHCH; CHCH; 
A + 


trisubstituted ^ disubstituted 
major product 


LASS 
22 
n dre NaHCO 
see 
АХ 
Z 
ind 


+ 
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TsOH 
d. | CH,CH;CH;CH;OH CH4CH;CH- CH; 
OH 
TsOH 
e. Pes d Ы ES + 


tetrasubstituted disubstituted 
major product 


Two products formed 
by carbocation rearrangement 


9.49 The most stable alkene is the major product. 


OH 


ee EM е9 i Ре ч ü P 


trans and disubstituted monosubstituted cis and disubstituted 
major product 


9.50 OTs is a good leaving group and will easily be replaced by a nucleophile. Draw the products 
by substituting the nucleophile in the reagent for OTs in the starting material. 


CH4SH 
а. CH3CHsCH,CH,—OTs == - CH3CH,CH,CH,—SCH3 + HOTs 
N 
NaOCH,CH 
b. CH3CH,CH,CH,—OTs S.2 —  CH&CH,CH;CH?-OCH;CH, + Ма" -OTs 
N 
NaOH PEE 
C. CH3CH2CHsCHs OTs 52 = CH3CH2CH2CHs—- OH + Na OTs 
N 


K* ~OC(CH3)3 


d. CH4CH;CH,CH,-OTs 
3 СР: ОР СА E2 


CH3CHCH=CH; + (CHs)3COH + K* -OTs 


did d + du ded 2° Alcohol will undergo Sy1. 
HO H BY H H Br racemization 
b. А7 HCl, ИЯ 1? Alcohol will undergo 512. 

e ZnCl 2 


Б нъ іпуегѕіоп 
чуе Soci Су SOC, always implies 512. 
нб u pyridine На inversion 
HO H | TsO H inversion ш 


Configuration is maintained. 
C-O bond is not broken. 
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9.52 
NaH А= р CHsI B- , 
(a © H i снб H 
a cd d (b) c С = ФУ CHO D= ie d 
$ pyridine S 2 
TsO H = H OCH 
HOH РВг Я CH4O 3 


(c) = = 

Е= Е= 
(2R)-2-hexanol dip 4 dip de d 
H Br CHO Н 


Routes (a) and (c) given identical products, labeled B and F. 


9.53 Acid-catalyzed dehydration follows an E1 mechanism for 2° and 3° ROH with an added step to 


make a good leaving group. The three steps are: 

[1] Protonate the oxygen to make a good leaving group. 
[2] Break the C—O bond to form a carbocation. 

[3] Remove a B hydrogen to form the л bond. 


:OH 


overall " Ы + HO 
The steps: | reaction 
Н 
сн . 
a Нус, д сњ | + њо, 
H H + Го 
+ HSO, нвог 
2? carbocation 
and К + нео; 


И 
СНз 1,2-Н shift Сен 
ON CX | = P as + H2SO4 


2? carbocation 3? carbocation 


and 


сн CH 
Ge rom 


9.54 With POCI; (pyridine), elimination occurs by an E2 mechanism. Since only one carbon has a 
В hydrogen, only one product is formed. With Њ50,, the mechanism of elimination is E1. 
A 2? carbocation rearranges to a 3? carbocation, which has three pathways for elimination. 
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ос 
о > 2 
ba н + РВЕ N N Рось 
"OH eo “Cl 6:07 2 C О: 
HOA | SS 
А == + | 
+N 
M + ат EN W __| -opoci, 
oe 
+N 
H 
Oso + 
‘OH cu 
x 1,2-СНз shift + 
= —— + HO 
У 2? carbocation 3? carbocation 


+ HSO,4, 


+ + + Е 
Hso н 


3? carbocation 3? carbocation 3? carbocation 


| 
P| [О : 


+ Н8504 + Н,504 + H5SO, 


9.55 To draw the mechanism: 
[1] Protonate the oxygen to make a good leaving group. 
[2] Break the C—O bond to form a carbocation. 
[3] Look for possible rearrangements to make a more stable carbocation. 
[4] Remove a В hydrogen to form the л bond. 


Dark and light circles are meant to show where the carbons in the starting material appear in the product. 


" fs. " .. д 
OH б-н «nó —— 
LA n 
H-OSO;H H 
3 2° carbocation J 
+ 250, 


is + HSO,- 
3° carbocation 
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9.56 
он [1] НВГ А 1,2-H shift H am Br The 2? alcohol reacts by 
3-methyl-2-butanol AUR e E à = ап Sy1 mechanism to 
[2] -H20 form a carbocation 
2? carbocation 3? carbocation that rearranges. 

" HBr У The 1? alcohol reacts with HBr 
2-methyl-1-propanol HO "ie ———— md by an d.e mechanism. 

7 | no carbocation intermediate = 

= ‘Br .. no rearrangement possible 
H Br Bo + HÖ g р 


no carbocation 
~ ÁN 
A [OM Е er + СЕ 
a дн OH, 


Cl 


9.57 


PES + њо 
ү 


two resonance structures 
for the carbocation 


9.58 
H5SO,, NaBr 
СНзСН>СН>СН>ОН = CH3CH2CH2CH,Br + СНзСН>СН=СНЬ 
overall reaction 
+ CH3CH2CH2CH2OCH2CH2CH2CH3 


Step [1] for all products: Formation of a good leaving group 
m U oso H .. = 
CHSCH;CH,CH,—OH — —À——37—. — CH,CH,CH;CH?—O-H + HSO, 
H 


Formation of CH3CH;CH;CH;Br: 


eas - 
ОРДЕНА ВАН снасн;снсн;вг | + НО 
= H $м2 


В: 


Formation of CH;CH,CH=CH : 
CH,CH;CH- CH; T O-H 


Es снасњсн=сњј + но + HSO, 
(CH H 


HSO; 
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Ether formation (from the protonated alcohol): 


CH,CH,CH,CH; “ӧн, CH;CH;CH;CH? 70 - CH;CH;CH2CHs + НО 
Ку" 
HSO; | 


сњоњонон-6-оњоњонон + HS0, 


52 


CH3CH;CH;CH;—O -H 


9.59 
Илл 
к H40SO3H .. 
OH 3 ӧн (V, 12-м нел · 
б ә = 5 = 2 +нзог | 
О О О ^ T 
+HSO,- + ње | + HSO, 
on 
eZ 
б 
9.60 
HSO; 
" 
7 "T 2 
СОН» СА COT O: 
Он Он 
RB + њо + 280, 
9.61 
= b. OCH;CH;CH, у LJOCH;CH;CHs 
Со CY 
А ) A PN | Вг = | 
O+ Br X s cp о- Cy + — OCH;CH;CH; 
BrCH,CH4CH 
2? halide 1? halide Cy + rC 2C 20 3 
less hindered RX 1° halide 2: halide 


preferred path 


less hindered RX 
preferred path 
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CH4CH;OCH;CH;CHs CH3CH4OCH;CH5CHs 


CH4CH5O + ВЕСЊСНЊСНа СНзСН,Вг + ОСНЬСНЬСН. 
1? halide 1? halide 


Neither path preferred. 


9.62 A tertiary halide is too hindered and an aryl halide too unreactive to undergo a Williamson 
ether synthesis. 


Two possible sets of starting materials: 


ó i Br СНз СНз о 
md CY + (O-C-CH, Br-C-CH, + CY 
3 СН» СНз 
aryl halide 3? alkyl halide 
unreactive in 5,2 too sterically 


hindered for 5,2 
9.63 
HBr с НВг + СНВ 
a. (СНузсосњсњСна = (СНазСВг + BrCH,CH,CH; + ЊО : OCH, ———L Br зВг 
(2 equiv) (2 equiv) 


+ Но 
НВг 
р. о -2 Br + НО 
( err Ce | 


а. (ен overall reaction 


p» 
H—I 
The ача 
TA = 
I T 
А А 1 H a H CH ` “а 
O'2 "CH B Lg `0 3 Het СНз 
H | н ӨТЕ, ТОГЕ; 
CH; \ CH; d ed 
H—I 
b О ма“ H a 
Ww ~ 5 ње 
С! aS ти + Н + Nat ( у + Ha + Мас! 
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9.65 
L N m3 " e 
дано и scocr, QS (C Hals E un он сы 
2 * (сн “сна + с=ењ 
72 CH, 
+ CF3CO; СЕзСО»- + CF4COH 
9.66 
Q О 
cc HBr Es [1]HC=C- _ 
a. H4 C Сүн BrCH;CH;OH d. ну Ou - HCZC—CH,-CH;OH 
" à H н  [2]HO 
fe 
/N О - 
сх, њо [1] “OH 
b. Huc Сун — MÀ ——- HOCH,CH,OH " jd ин - HOCH;CH;OH 
Ё | Hase UB c NO [2] H;O 
fe _ fe 
"i [1] СНАСЊО P ER 
© Ha" NH сњењосњењон f Hu Nu CH3SCH;CH;OH 
H H н.о Н H ae 
9.67 
О 


9 CH4CH;OH coo он 
lE M CP јој 
CH3 H 2204 CH;CHO H А " 
“СНз = CH CN 
; 1] CH3CH2O- Ма“ S 
b. " [1] CH3CH2 OH d on [1] NaCN On 
[2] H2O [2] H2O 


““OCHsCHg 
9.68 
| Cl H Cl 
" о 4 с 5 H, CH, The 2 СНз groups are anti in the 
у a/ \ “сн: le VCH СНз слан starting material, making them 
—0: H :0: H 3 trans in the product. 
Na*H сањао 
CH CI Cl р 
Хам / se [> CH3 „CH; The 2 СНз groups are gauche in the 
b | Acor С, — НА íAH starting material, making them 
uo: H? ec / V ICH; v: cis in the product. 
- C,HgO 
Nat H: SA 
а! OH а! CH а! СНз 
\ / rotate N | CN /. а СНз H 
c BOX ——- 2—< ке 4 backside. Hlc c CHs 
~ "CH S ~ 
сн Hage снаја YAH cH A br attack \/ 


C,HgO 


260 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 9-28 


9.69 First, use the names to draw the structures of the starting material and both products. Because 
the product has two OH groups, one OH must come from the epoxide oxygen, and one must 
come from the nucleophile, either OH or H20. 


With "ОН, the nucleophile 
attacks at the less ог [1] Na*~OH rad 
substituted end ofthe __. ON но НО aS 
а R [2] H2O 
epoxide to form the R | 
isomer of the product. from the nucleophile 


(2R)-2-ethyl-2-methyloxirane _ (2R)-2-methyl-1,2-butanediol 


With Но апа Н250,, ___ J 
H20 attacks at the [pm Но " = 4 
stereogenic center, from HSO, OH a tror the'nudeophile 


the back side, and the S 
isomer is formed. (2R)-2-ethyl-2-methyloxirane _ (2S)-2-methyl-1,2-butanediol 


9.70 


A OR 
О Е О: 
S Ри oen. А —— “ "cw + cr 
ee CH3CH,O0CH, CH3 


CH3CH;O: Cl 


9.71 


> 


KOC(CH3)s 
[У от Bulky base favors E2. 


Keep the stereochemistry at the stereogenic 


b. * OH HBr * Br 2 2 
di 2 = a in center [*] the same here since no bond is 
H CH3 H CH, broken to it. 


o [1]-CN СНзСНЬ ОН me To С 
x d ЗАСН СН 
CH.CH wO бан ——— Нс, + сс“ 2” 3 identical 
И Ју [2] H2O "dis. сњен Y \ 
H CH2CH3 NC СЊСНа 37 28 CN 
OTs H 
d. KCN rt 
(CH) 7 ^H 782 (онус SM 
inversion 
PBr. 
‚Оч Ow м 
= Е inversion 
СНз CH3 
i о а TsCl a аш СНзСО» сиви 
| нъ pyridine HD H D 
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OH Br 
Я o HBr, Q (CX 
“Br OH 


OCH, 
А [1] Маосн» OH у 
| О [2] Н5О А | 
2 “OCH, OH 
i. 
CH5CH; CH2CH3 CH2CH3 
| он: он: 
і CH.cH;-6-0-CH, — Hl. сњен-С—1 + I-CH, + ЊО 
| (2 equiv) | 
CH3 CH3 
9.72 
А pr ЕН - PR о 
РВгз 
HCI, ZnCl, 
b. Удон or “~~~ Cl 
ЗОСЬ, pyridine 
[1] Na+ H7 _ [2] CH3zCH,Cl 
c. он xN Ano gig pes 
[1] TsCl, pyridine [2] N 
d. ОТУ он `` “отв - Уа 


Џ 
Make OH a good leaving 
group (use TsCl); then add Ма“. 


OH на! К" 


ог 
ЗОСЬ, pyridine 


c. dau [1] ма“ H- аш [2] CH3Cl Cre 


OH [1] TsCl, pyridine OTs [2] -CN CN Make OH a good 
= === leaving group (use TsCI); 
then add “CN. 
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9.74 
(а) = HBr (b) = КОС(СНа)з 


Pu РВгз or other 


strong base 


on 
N OTS (чу = KOC(CHs) O 


TsCl, pyridine or other 
H5SO, or strong base 
TsOH Br 


NBS (f) = КОС(СНз)з 
or other 


strong base 


OH (еу = ман (h) = OH 
[9] + enantiomer 
CI 7OH, H,O "он 


TW en YS 


PCa 
B cone сй aen CO VL 
proton 


transfer 


9.76 With the cis isomer, OH acts as a nucleophile to displace Вг from the back side, forming a 
trans diol (A). With the trans isomer, the two functional groups are arranged in a manner that 
allows an intramolecular 542. ОН removes a proton to form an alkoxide, which can then 
displace Br by intramolecular backside attack to afford an ether (B). Such a reaction is not 
possible with the cis isomer because the nucleophile and leaving group are on the same side. 


НЕ дн 
но св ic HO "OH 
м 5х2. 
cis-4-bromocyclohexanol A 
OH RN 
Oe EI 
proton < $м2 


transfer 
trans-A-bromocyclohexanol + H2O B 


propranolol 
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9.77 If the base is not bulky, it can react as a nucleophile and open the epoxide ring. The bulky base 
cannot act as a nucleophile, and will only remove the proton. 


Os — Са 


9.78 First form the 2? carbocation. Then lose a proton to form each product. 


"E 


+  HN(CH;CHgo + LiOH 
OH 


H H H 
| 4 + | f^ 1,2-shift | " 
снесн,-с-сн,-он нон, CHsCH,—C—CH,—OH, = CH.CH-C-CH, + нб: 
H d о MN C H 
+ H20: 
19 ајсоћо! по 1? carbocation 2? carbocation 
atthis step 
і 1 
CH3CH2—C CH3 — . CH,CH,-C=CH, =  CH&4CH;CH-CH; 
ur 
HÖ: E 
+ НЊО + 
" CH3 H H H 
v \ / 
CH3—CH—C—CH3 - C=C + C=C + H,0 + 
dd HCH, CH, Сн, 


9.79 


2° carbocation 


ie | ,2-shift 


Ces as COO ООС 


+ Но“ Е 
3? and resonance-stabilized 
allylic carbocation 
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9.80 
Г \ вон | 
а OH с9њ — > Tox H20 
X 
t HSO; 
1,2-shift 
+ 
1,2-shift 
+ , 
(о wem СЮ 
H Y 
t H3O* А 
НО: 
b. Other elimination products can form from carbocations X and Y. 
2 + H30* 
H 
x _) 
HO: 
Can Cy + Нзо“ 
HÒ: 
x 2 
us 
L + Нао“ 
H 
Me 
H20: 
9.81 
Ps n-/óso.H сӧнгон + n 1,2-СНз сн 
а. Сн,—С—С—Сн» =» CH&-C—06-CH; lw CHCH; dol кор - 
СНзСНз бн,Сњ CR CH, shift CH, ^ СНз 
pinacol + HSO; + ЊО: 
ливо 
CHa :0: сн OH SEN 
H,SO, + CHs-C— С) — сес. 
CH, CH CH, CHs 


pinacolone 
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b. Two different carbocations can form. The carbocation with the (+) charge adjacent to the 
benzene rings (A) is more stable, so it is preferred. 


"3 ae we "4 
or 
O (two steps) E © n (^ 
OH OH 
D A B 


resonance-stabilized 


preferred 
| 1,2-СНз shift 
СІ 
О о, ^ 
* H30* HÖ: 
9.82 
б: 

© О 
М 5 8-1 o 
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9.83 The conversion of X to Y requires two operations. X contains both a nucleophile (NH2) and a 
leaving group (OSO;CH;), so ап intramolecular 52 reaction forms an aziridine. Since the 
aziridine is strained, the amine nucleophile (CH2=CHCH2NHz) opens the ring by backside 
attack, resulting in the trans stereochemistry of the two N's on the six-membered ring. 


di d. А 


pue oU CO;CH,CHs 
НМ 7 backside + New C-N bond on opposite 
 650,CH, attack H—NZ^ _ side to C-OSO;CH; bond 
На 
n ~:0S0,CH, 


dio n 


О, CO;CH;CH5 О, СОСНСНа 
- poi backside ГТ aziridine 


HN: : attack 
HN А PN Є 
X НМ 
SS 


| proton transfer 


<i 
HNT ~ 


HN AaS 
Y 
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Chapter 10 Alkenes 


Chapter Review 


General facts about alkenes 


Alkenes contain a carbon-carbon double bond consisting of a stronger o bond and a weaker 
т bond. Each carbon is sp? hybridized and trigonal planar (10.1). 

Alkenes are named using the suffix -ene (10.3). 

Alkenes with different groups on each end of the double bond exist as a pair of diastereomers, 
identified by the prefixes E and Z (10.3B). 


Two higher priority groups on Two higher priority groups on 
opposite sides the same side 
—-CH, Ch; — CH; CHCH; — 

C=C C=C 
ПИК А 
H CH2CH3 а= H CH3 
E isomer 2 isomer 
(2E)-3-methyl-2-pentene (2Z)-3-methyl-2-pentene 


Alkenes have weak intermolecular forces, giving them low mp's and bp's, and making them 
water insoluble. A cis alkene is more polar than a trans alkene, giving it a slightly higher boiling 
point (10.4). 


cis-2-butene trans-2-butene 
CH H 
| CHa, й 3 CHo р | 
more polar isomer — с=с с=с —— less polar isomer 
/ \ / М 

H H H CH3 

a small net dipole no net dipole 
higher bp lower bp 


Since ал bond is electron rich and much weaker than a с bond, alkenes undergo addition 
reactions with electrophiles (10.8). 


Stereochemistry of alkene addition reactions (10.8) 
A reagent XY adds to a double bond in one of three different ways: 


Syn addition—X and У add from the same side. 


| ‚ H-BH, HM Bh m | | 
„с=с =  С-С, e Syn addition occurs in hydroboration. 
Wu ONE 


Anti addition—X and Y add from opposite sides. 
xX ~ 


nup or" X2 vo g^ e Anti addition occurs in halogenation and 
EEEN —o ^ му А f : 
х,Њњо 4 хон) halohydrin formation. 


Both syn and anti addition occur when carbocations are intermediates. 


= н. ЖОН) LS • Syn and anti addition occur in 
Sus ua ИХ c-c d с-с^ 
и -a ug т m ue хан hydrohalogenation and 
H20, H* hydration. 
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Addition reactions of alkenes 


[1] Hydrohalogenation—A ddition of HX (X = Cl, Br, I) (10.9–10.11) 


R-CH-CH; 


X H 
alkyl halide 


The mechanism has two steps. 
Carbocations are formed as intermediates. 
Carbocation rearrangements are possible. 
Markovnikov's rule is followed. H bonds 
to the less substituted C to form the more 
stable carbocation. 

Syn and anti addition occur. 


[2] Hydration and related reactions—Addition of H20 ог КОН (10.12) 
For both reactions: 


RCH=CH, + H-OH R-CH-CH; 
| | 
OH H 


alcohol 


RCH=CH, + H- OR R-CH-CH; 
| 


The mechanism has three steps. 
Carbocations are formed as intermediates. 
Carbocation rearrangements are possible. 
Markovnikov's rule is followed. H bonds 
to the less substituted C to form the more 
stable carbocation. 

Syn and anti addition occur. 


[3] Halogenation—Addition of X» (X = Cl or Br) (10.13-10.14) 


RCH=CH, + X-X 
хх 


vicinal dihalide 


R-CH-CH; 


The mechanism has two steps. 
Bridged halonium ions are formed as 
intermediates. 

No rearrangements occur. 

Anti addition occurs. 


[4] Halohydrin formation—Addition of OH e X (X = С, Br) (10.15) 


RCH=CH, + X-X 
OH X 


halohydrin 


R-CH-CH; 


The mechanism has three steps. 

Bridged halonium ions are formed as 
intermediates. 

No rearrangements occur. 

X bonds to the less substituted C. 

Anti addition occurs. 

NBS in DMSO and H50 adds Br and OH 
in the same fashion. 


[5] Hydroboration-oxidation—A ddition of H20 (10.16) 


1] BH, or 9-BBN 
вен=сн, Li BHs or - 


[2] H202, НО 


alcohol 


R-CH-CH; 


H OH 


Hydroboration has a one-step mechanism. 
No rearrangements occur. 

OH bonds to the less substituted C. 

Syn addition of H5O results. 
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Practice Test on Chapter Review 


1. Give the IUPAC name for the following compounds. 


2. Draw the organic products formed in the following reactions. Draw all stereogenic centers using 
wedges and dashes. 


= 
A D- [BM —— 
уно», он - H202, "ОН 
ZW E - ion, 


3. Fill in the table with the stereochemistry observed in the reaction of an alkene with each reagent. 
Choose from syn, anti, or both syn and anti. 


Reagent Stereochemistry 
а. [1] 9-BBN; [2] H202, ОН 
b. H20, H2504 
C. Cb, ЊО 
d. HI 
e. Bro 
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4. a. In which of the following reactions are carbocation rearrangements are observed? 
1. hydrohalogenation 
2. halohydrin formation 
3. hydroboration-oxidation 
4. Carbocation rearrangements are observed in reactions (1) and (2). 
5. Carbocation rearrangements are observed in reactions (1), (2), and (3). 


b. Which of the following products are formed when НС is added to 3-methyl-1-pentene? 
1. 2-chloro-2-methylpentane 
2. 3-chloro-3-methylpentane 
3. 1-chloro-3-methylpentane 
4. Both (1) and (2) are formed. 
5. Products (1), (2), and (3) are all formed. 


Answers to Practice Test 


1. a. (3E)-4-ethyl-2,5- 2. 3. a. syn 4. 


dimethyl-3-nonene el n b. both 
b. (3E)-4-1sopropyl-2- а. СЁ + Qu c. anti 
methyl-3-octene d. both 


ОР 
Ne 


Answers to Problems 


10.1 
Six alkenes of molecular formula C5H49: 


trans cis 
diastereomers 


10.2 To determine the number of degrees of unsaturation: 
[1] Calculate the maximum number of H’s (27 + 2). 
[2] Subtract the actual number of H’s from the maximum number. 
[3] Divide by two. 
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a. C2H3 


d. C7HgO 


Alkenes 10-5 


[1] maximum number of H's = 2n +2 = 2(2) * 27 6 
[2] subtract actual from maximum = 6 — 2 = 4 
[3] divide by two = 4/2 = 2 degrees of unsaturation 


[1] maximum number of H's = 2n + 2 = 2(6) + 2 = 14 
[2] subtract actual from maximum = 14 — 6 = 8 
[3] divide by two = 8/2 = 4 degrees of unsaturation 


. СаНав _ 

[1] maximum number of H's = 2n + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 18 =0 

[3] divide by two = 0/2 = 0 degrees of unsaturation 


Ignore the O. 

[1] maximum number of H's = 2n + 2 = 2(7) + 2 = 16 
[2] subtract actual from maximum = 16 – 8 = 8 

[3] divide by two = 8/2 = 4 degrees of unsaturation 


| C;H44Br 


Because of Br, add one more H (11 + 1 H = 12 H's). 
[1] maximum number of H's = 2n + 2 = 2(7) + 2 = 16 
[2] subtract actual from maximum = 16 – 12 = 4 

[3] divide by two = 4/2 = 2 degrees of unsaturation 


f. СЫНОМ 


Because of М, subtract one H (9 — 1 H= 8 H's). 
[1] maximum number of H's = 2n + 2 = 2(5) + 2 = 12 
[2] subtract actual from maximum = 12 — 8 = 4 
[3] divide by two = 4/2 = 2 degrees of unsaturation 


10.3 


One possibility for CcH.4o: 


a. a compound that has 2 x bonds 


b. a compound that has 1 ring and 1 x bond 


10.4 To name an alkene: 


AN 


Q 


c. a compound with 2 rings 


| [> 


d. a compound with 1 triple bond = 


[1] Find the longest chain that contains the double bond. Change the ending from -ane to -ene. 
[2] Number the chain to give the double bond the lower number. The alkene is named by the 


first number. 


[3] Apply all other rules of nomenclature. 


To name a cycloalkene: 


[1] When a double bond is located in a ring, it is always located between СТ and C2. Omit the 
“1” in the name. Change the ending from -ane to -ene. 
[2] Number the ring clockwise or counterclockwise to give the first substituent the lower 


number. 


[3] Apply all other rules of nomenclature. 


а. [1] CH;-CHCH(CH3)CH;CHs 


5 C chain with double bond 
pentene 


b. [1] (CH3CH2);C — CHCH;CH;CHs 


7 C chain with double bond 
heptene 


3-methyl 
1 | 
{9% 
[2] €H2 2 CHCHCH;CH; 


1-pentene 


3 
CH3CH; 
[2] Сеснсн;сњСНз 
CH3CH> 
| 3-ћергепе 
3-ethyl 


[3] 3-methyl-1-pentene 


[3] 3-ethyl-3-heptene 
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2-ethyl 
c. [1] a | [2] pO [3] 2-ethyl-4-methyl-1-pentene 


Р 1— 
5 C chain with double bond 1-pentene 
pentene 
A1 
d. [1] [2] а R [3] 3,4-dimethylcyclopentene 

ac 
Му 

5 C ring with a double bond 3,4-dimethyl 


cyclopentene 
1-methyl 


e. [1] [2] N | [3] 5-tert-butyl-1-methylcyclohexene 
5-tert-butyl 


6 C ring with a double bond 
cyclohexene 


10.5 Use the rules from Answer 10.4 to name the compounds. Enols are named to give the OH the 
lower number. Compounds with two C=C’s are named with the suffix -adiene. 


3 1 
[1] [2] | | [3] 4-ethyl-3-hexen-1-ol 
a. 2 OH 27 он 
ми ae 
4-ethyl 
6 C chain with double bond 
hexene 1 


р | | 


[1] OH OH 
Я ДА 
ЕЗ “~ 
В) `` 6-methyl 


8 C chain with double bond 


[3] 5-ethyl-6-methyl-7-octen-4-ol 


octene 5 
[1] [2] | | [3] 2,6-dimethyl-2,5-heptadiene 
c. 27 SS 27 i cim 
2-methyl 
6-methyl 


7 C chain with two double bonds 
heptadiene 


10.6 To label an alkene as Е ог Z: 
[1] Assign priorities to the two substituents on each end using the rules for R,S nomenclature. 
[2] Assign E or Z depending on the location of the two higher priority groups. 
e The E prefix is used when the two higher priority groups are on opposite sides. 
e The Z prefix is used when the two higher priority groups are on the same side of the 
double bond. 
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higher priority —- CH, P 
a. ETS | е higher priority — осн, 
H Br —— higher priority 4 
Two higher priority groups аге © ша 


on opposite sides: E isomer. 


higher priority — СеН5 X о 
H higher priority 
higher priority —- СНАСН СН2СНз -—— higher priorit 
б gher p y 3 tid 213 gher p y ЕА 
d ‘CH, In both double bonds, the two higher priority groups are on opposite 
sides: E isomers. 


Two higher priority groups are 
on the same side: Z isomer. 


10.7 


skeletal structure of 11-cis-retinal 


10.8 To work backwards from a name to a structure: 
[1] Find the parent name and functional group and draw, remembering that the double bond is 


between C1 and C2 for cycloalkenes. 
[2] Add the substituents to the appropriate carbons. 


с. (1Z)-2-bromo-1-iodo-1-hexene Тһе double bond is 


а. (3Z)-4-ethyl-3-heptene The higher priority groups are 
| on the same side = 2. between C1 and C2. 
| 
7 carbons | | 6 carbons я К САРИ 
= | 
| Вг 
=— 4-ethyl 

The double bond is The higher priority groups are 

between C3 and C4. on the same side = 2. 


The double bond is 


b. (2E)-3,5,6-trimethyl-2-octene 
between C2 and C3. 


8 carbons | 


кууы 


The higher priority groups 
are on opposite sides = E. c —— 


10.9 Draw all of the stereoisomers and then use the rules from Answer 10.6 to name each diene. 


“СТ ~~ 
Е Е Е 2 
(2E,4E)-2,4-hexadiene (2E,4Z)-2,4-hexadiene 


(22,42)-2,4-ћехадјепе 
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10.10 To rank the isomers by increasing boiling point: 
Look for polarity differences: small net dipoles make an alkene more polar, giving it a 


higher boiling point than an alkene with по net dipole. Cis isomers have a higher boiling 
point than their trans isomers. 


CHa СНз Снзснҳ Н снаснух C H2CHs 
C= с=с с=с 
м № /^ XN / X 
CH3 CH3 H CH2CH3 H H 
All dipoles cancel. Two dipoles cancel. Two dipoles reinforce. 
smallest surface area no net dipole net dipole 
no net dipole trans isomer cis isomer 
lowest bp intermediate bp highest bp 


10.11 Increasing number of double bonds = decreasing melting point. 


О 


stearic aci 
а Ќ OH no double bonds 
ES 9 highest melting point 
stearidonic acid о 
4 double bonds 
lowest melting point 2 di OH 
EN 
linolenic acid 


3 double bonds 
intermediate melting point 


10.12 


Br 
a. e Н2$04 (2— " [= р. Pu NaOCH;CH, CH2=CHCH2CH2CH2CH3 
BH == = + 


CHgCH=CHCH,CH,CH, 


10.13 To draw the products of an addition reaction: 


[1] Locate the two bonds that will be broken in the reaction. Always break the т bond. 
[2] Draw the product by forming two new o bonds. 


H | H 
на! то CH 
a. > = two new o bonds с. CX —— 3 two new o bonds 


il CH; CH3 
Cl 
HCI "n 
b. CH3CH;CH;CH-CHCH;CH;CHs — — CH;CH;CH? 7C C- CH;CH;CHs 
на 


two new o bonds 


10.14 Addition reactions of HX occur in two steps: 
[1] The double bond attacks the H atom of HX to form a carbocation. 
[2] X attacks the carbocation to form a С-Х bond. 
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transition state transition state 
step [1]: t step [2]: t 


H H 
H КОА 
Оба a Са BO, С |+. 
H V d :Cl: Cl ен 5 g 


10.15 Addition to alkenes follows Markovnikov's rule: When HX adds to an unsymmetrical 
alkene, the H bonds to the C that has more H's to begin with. 


no H's 2 H's 
CI о. H „ш 
CH CH5—H 
CH 3 2 
a. CT У HCI (— CI с dd d HCI NxN oa 
zH CH 
H bu no H's У 
опе Н CI adds here. 
H adds here. 
no H's 
Cl adds here 
СНз СНз 
\ НСІ | 
C-CH; > Cl C— CHa 
cH, | CH; H 
2 H's 
H adds here. 


10.16 To determine which alkene will react faster, draw the carbocation that forms in the rate- 
determining step. The more stable, more substituted the carbocation, the lower the Е. to 


form it and the faster the reaction. 


CH, H CH; CH, H 
\ / \ \ / + 
с=с EFS CHSCHCH» 
o H CH, H H C Ha H 
uA 3? carbocation H—X 2? carbocation 


faster reaction slower reaction 


10.17 Look for rearrangements of a carbocation intermediate to explain these results. 


ГА! 
CH H-CI 
с! H 
i H 
E ^. Rr 1,2-H shift_ Q 
H” £ oy cr d CH, Cl 
СНз CH3 cH, H š 
1-chloro-3- 2° carbocation 2° carbocation 3° carbocation 1-chloro-1- 
n methylcyclohexane 


methylcyclohexane 
Rearrangement would not further 


stabilize this carbocation. 


276 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 10-10 


10.18 Addition of HX to alkenes involves the formation of carbocation intermediates. 
Rearrangement of the carbocation will occur if it forms a more stable carbocation. 


H CH3 н CH, н CH, 
/ 
а. с=с = H-C-C-CH,CH = ^ H-C-C-CH;CH; 
H CH2CH3 H H Br 
3° carbocation 
no rearrangement 
p, Ma M e "n e Tn 
с=с > CH9-C-C-CH;CH, * CH3;—-C—C—CH,CH, = CH,;—C—C—CH,CH,; +  CH4-C-C-CH;CH4 
и м | + | 1 | | | 
H CH;CH; H H H Br Br H 
(cis or trans) 2? carbocation 2? carbocation 
Rearrangement would not further 
stabilize either carbocation. 
no rearrangement 
CH; H H H H H H CH; 
A, ee ] 1,2-H shift ес 
с. (С=С > СН.-С С СН(СН.)> + СНз-С-С-СН(СНз)» , CH3s—C—C—C—CHg 
+ 
H CH(CH3) H H H H 


2? carbocation 


Rearrangement would not further 
stabilize the carbocation. 


(cis or trans) 


Tm 
CHs3-C-C-CH(CH3) 
Br H 


2? carbocation 
rearrangement 


3? carbocation 
more stable 


пон Сю 
снз-с-С—С-СНз 
H H Br 


10.19 To draw the products, remember that addition of HX proceeds via a carbocation intermediate. 


Addition of H* (from HBr) 
from above and below gives 


Addition of Br- from 


an achiral, trigonal planar carbocation. above 
а с; | сњ H and below. сњ | de 
СН; СНз Н 3 "Вг 3 Вг 
CH3 CH3 CH3 Сн» 
enantiomers 
Addition of H* (from HCI) from above and 

below by Markovnikov's rule forms СГ attacks 
an achiral 3? carbocation. from above 
and below. 


voeem Сы 
H 


H 


achiral, trigonal planar 
3" carbocation 


‘СН 
Cl С! 


diastereomers 
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10.20 The product of syn addition will have H and Cl both up or down (both on wedges or both dashes), 
while the product of anti addition will have one up and one down (one wedge, one dash). 


CH3 СНз CH3 CH3 
aH uH M Н " LH 
ec + Сі qe Сі 
CH3 СН: CH3 СН; 
А B С D 
syn addition anti addition anti addition syn addition 
10.21 
CH3 CH2CH2CH3 CH3 
| N 
а. СНз-С-СНСНСНз === PER. or = CHCH;CHs 
OH CH CH 
ы * H* would add here to form 


H* would add here to form 
a 3? carbocation. а 3° carbocation. 


CH, 


OH СНз Сн; 
ь = UU e СИ 
р H* would add here to form 


H* would add here to form a 3° carbocation. 


a 3? carbocation. 
=> МАА ог CH3;CH=CHCH 
С. ao | 3 3 


H* would add here to form (cis or trans) 


a 2? carbocation. 


10.22 
н, он HO, H 
H20 2S S 
27 2 b d + b dp 
1-pentene #50, enantiomers 


10.23 Halogenation of an alkene adds two elements of X in an anti fashion. 


Br ER eh Cl; die = С! 
2 + 
а. | + b. 7 

е, СІ ‘Cl 


‘Br Br 


10.24 To draw the products of halogenation of an alkene, remember that the halogen adds to both 
ends of the double bond but only anti addition occurs. 


Cl Кој 
а. + 
Че ==С! | 
CH3 СН; i с—с^ 
enantiomers H T 


achiral meso compound 
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ве Br Br В 
diastereomers 


10.25 The two steps in the mechanism for the halogenation of an alkene are: 
[1] Addition of X” to the alkene to form a bridged halonium ion 
[2] Nucleophilic attack by X 


:Br- Br: Br 


CHs;, cH c JCH; 
trans-2-butene НУ” "CH, overall сну i" 
H 
Addition of Вг“ can occur | .. .. 
from above or below: ВЕТВИ 
above below 
+ CHs,, К" 
:Вг: CG. 
сна / v. «Н «— enantiomers — Н” n ‘CH; 
HT , "cH £4 
Attack of Br^ can occur | | | 
from the left or right: | left | right left | right 
+ :Br: + :Вг 
+ + - 
:Вг: :Br5 
up Y p iic d eal сн, „Н CH, fH 
H Ба H CH3 HY A Z NCH, HY 5 / OH, 
* + 
+ :Вг + :Br: 
з :Вг ‘Br H ‘Br H CH3 Br: 
Rac сну о сну 7 zh сре Qn 
‘Br Ch SH Br 3| — Br в CH, 


All four compounds are identical—an achiral meso compound. 


10.26 Halohydrin formation adds the elements of X and OH across the double bond in an anti 
fashion. The reaction is regioselective so X ends up on the carbon that had more H's to 


begin with. 
Br, НО CH CH; „СНз 
" Г} NBS { | E Же? еј" “OH 
DMSO, H;O К | F | 
HO Br H20 CI "с 
CI bonds to the carbon 
with more H's to begin with. 
10.27 
Н Chs H CH;CHs Н CH,CH;CH;CH; 


.. zl / – = 
а. (СНз)25: Н-В—5:+ — b. (CHSCHzN: Н-В-М+СН»СНз с. (CH3CH2CH2CH3);P: Н-В-РЕСН»СН»СН»СНз 
H СН Н CH;CH; Н CH;CH?CH;CHs; 
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10.28 In hydroboration the boron atom is the electrophile and becomes bonded to the carbon atom 
that had more H's to begin with. 


СНз CH; 


C= BH І 
а. ов = — CHs-C-CH; c. Lone Bhs, (сном, 
сњ | н вн, | 


C with more H's. А А 
B will add here. M add Ree. 


b. оваа BR. YY вњ 


C with more H's. 
B will add here. 


10.29 The hydroboration-oxidation reaction occurs in two steps: 
[1] Syn addition of BH;, with the boron on the less substituted carbon atom 
[2] OH replaces the BH» with retention of configuration. 


a. CH3CH,CH=CH, . BHs CH;CH;CH- CH; H202, ОН, CH4CH;CH- CH; 
н BH H он 
CH,CH CHCH .CH;CH CH;CH .CH;CH 
2CHs 2CHs CHCH o, -OH die 3 B 3 
Qa os og To: 
BH; BH, OH OH 
c chm ( сн, вн, Сн» ОН» ch уњ 
go Е H m H 
BH; BH, 
НО», -OH 
CH, CH; oue 20 
H * / H 
OH OH 


10.30 Remember that hydroboration results in addition of OH on the less substituted C. 
OH 
doe ED 
C. 
ae A pw" 


(E or Z isomer can be used.) 


10.31 


H20 OH Hydration places the OH 
ов CH; on the more substituted carbon. 


MD [1] ВНЗ " M Hydroboration-oxidation places the OH 


on the less substituted carbon. 
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OH 
Hydration places the OH 
e on the more substituted carbon. 
2904 
1] ВН; OH Hydroboration-oxidation places the OH 
21,0; Ho” on the less substituted carbon. 
У С Hydration places the OH 
ME on the more substituted carbon. 
#80, 
ВИР [1] ВНз ню A AÀ Hydroboration—oxidation places the OH 
[2] Н,О,, HO ^ on the less substituted carbon. 


10.32 There are always two steps in this kind of question: 
[1] Identify the functional group and decide what types of reactions it undergoes 
(e.g., substitution, elimination, or addition). 
[2] Look at the reagent and determine if it is an electrophile, nucleophile, acid, or base. 


| acid: 

acid catalyzes loss of H2O 
HBr CH;CH;CH& H,SO 

Quee Оч «ОФ в esos (ee 

Br OH 
_alkene: | alcohol: 
addition reactions substitution and elimination 
nucleophile and base 
Cl | OCH; 
b. pu .NaOCH, _ pu EANA 
2° alkyl halide: + CH3CH2CH=CHCH;3 
substitution and elimination (cis and trans) 


10.33 To devise a synthesis: 
[1] Look at the starting material and decide what reactions it can undergo. 
[2] Look at the product and decide what reactions could make it. 


CH 
? 3 
РАЈ == 2 CH3 
a. Br NAc Е он 
OH OH 
alkyl halide halohydrin: 
Can undergo Can form from an оь баң а by 
Substitution and elimination. — slkenewith Сі апа НО. а еинотапу elimination, substitution and addition. 
K* "OC(CH. Cl 
Anr (CH3)3 uu Ch тума CH; TT él 
H20 OH OH H;SO, з [1] ВНз 3 
Џ 
ОН is added to [2] H205, HOT OH 
the more substituted C. (major a 


product) OH is added to 
the less substituted C. 
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10.34 Convert each ball-and-stick model to a skeletal structure and then name the molecule. 


2 3 5 6 С chain with a С=С —- hexene 
| | | C=C at C2 —-2-hexene 
„~ |  2CHjsatC3and C5 
a. | | two higher priority groups on opposite sides —> E isomer 


Answer: (2E)-3,5-dimethyl-2-hexene 


b 2 5 C ring with a C=C —~cyclopentene 
5 sec-butyl at C1 
1 methyl at C2 
Answer: 1-sec-butyl-2-methylcyclopentene 


10.35 
H 
higher Ux The two higher priority groups are on the 
priority | same side of the С=С, making it а 2 alkene. 
H N higher priority 
A 
b. Add ЊО in a Markovnikov fashion to form two products. 
OH OH 
+ 
Н H5SO, Å Е 
10.36 
C1 
A 8-methyl-1-nonene 
C8 
Br; Br 
а. > SUA. О о Вг 
OH 

b Bro B 

. о r 

H20 Tir 
OCH 
Bro 

C. RN И >. Br 


CH4OH 
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10.37 Use the directions from Answer 10.2 to calculate degrees of unsaturation. 


a. СН, f. СвНеВг 


[1] maximum number of H's = 2n + 2 = 2(3)+2 = 8 
[2] subtract actual from maximum = 8 – 4 = 4 
[3] divide by 2 = 4/2 = 2 degrees of unsaturation 


[1] maximum number of H's = 2n + 2 = 2(6) + 2 = 14 
[2] subtract actual from maximum = 14 — 8 = 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


- СлоН56 


[1] maximum number of H's = 2n + 2 = 2(40) + 2 = 82 
[2] subtract actual from maximum = 82 – 56 = 26 
[3] divide by 2 = 26/2 = 13 degrees of unsaturation 


‚ CgHgO 


Ignore the O. 

[1] maximum number of H's = 2n + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 8 = 10 

[3] divide by 2 = 10/2 = 5 degrees of unsaturation 


. СлоНчвО2 


Ignore both O's. 

[1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 - 16 = 6 

[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


Because of Br, add one Н (9 + 1 = 10 H's). 

[1] maximum number of H's = 2n +2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 10 =8 

[3] divide by 2 = 8/2 = 4 degrees of unsaturation 


g. CgHgClO 
Ignore the O; count Cl as one more H (9 + 1 = 10 H's). 
[1] maximum number of H's = 2n + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 – 10 = 8 
[3] divide by 2 = 8/2 = 4 degrees of unsaturation 


h. C;HgBr 
Because of Br, add one Н (9 + 1 = 10 H's). 
[1] maximum number of H's = 2n +2 = 2(7) +2 = 16 
[2] subtract actual from maximum = 16 -10 = 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


i. СНИМ 


Because of N, subtract one H (11 — 1 = 10 H's). 

[1] maximum number of H's = 2n +2 = 2(7) + 27 16 
[2] subtract actual from maximum = 16 – 10 = 6 

[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


j. C4HgBrN 
Because of Br, add one H, but subtract one for N 
(8+1—1=8Н5). 
[1] maximum number of H's = 2n + 2 = 2(4) +2 = 10 
[2] subtract actual from maximum = 10 – 8 = 2 
[3] divide by 2 = 2/2 = 1 degree of unsaturation 


10.38 First determine the number of degrees of unsaturation in the compound. Then decide which 
combinations of rings and л bonds could exist. 


C10H14 

[1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 - 14 = 8 

[3] divide by two = 8/2 = 4 degrees of unsaturation 


possibilities: 
4 п bonds 
З л bonds + 1 ring 
2 п bonds + 2 rings 
1 x bond + 3 rings 
4 rings 


10.39 The statement is incorrect because when naming isomers with more than two groups on a 
double bond, one must use ап £,Z label, rather than a cis, trans label. 


higher 


higher. , c © 
priority 
| higher 
© CL priority 
pr s "HEP 


enclomiphene 
E isomer 


ci^ Priority 


| higher 
^ priority 
Ф Ф o^ ^ ЕНЕН); 


zuclomiphene 
2 isomer 
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10.40 Name the alkenes using the rules in Answers 10.4 and 10.6. 


CH3 
а. CH2=CHCH2CH(CH3)CH2CH3 CH; CHCH;CHCH;CH; 4-methyl-1-hexene 
6 C chain PEU UR bond = 1-hexene 4-methyl 
| 2-methyl —— id 
b. [мтч 5-ethyl-2-methyl-2-octene 
2-octene 
8 C chain with a double bond = 
octene 
2-isopropyl 
c. Y^p 2-isopropyl-4-methyl-1-pentene 
| НИШ | -— 1-pentene 
5 C chain with a double bond = 4-methyl 
pentene 


d. : 
ДА <—1-ethyl 1-ethyl-5-isopropylcyclohexene 


6 C ring with a double bond = 5Чзоргору! 
cyclohexene 


E double bond (higher priority groups on 


4-isopropyl — e di a sides with bold bonds) 
e. 
x aii Ф (4E)-4-isopropyl-4-hepten-3-ol 
OH OH | 


4-heptene 


7 C chain with a double bond = 
heptene 


-— 2-cyclohexene 5-Sec-butyl-2-cyclohexenol 
f. 1-01 
OH | OH 


6 C ring with a double bond = 5-sec-butyl 
cyclohexene 


10.41 Use the directions from Answer 10.8. 


= 4-ethyl | —— 
a. P PP d b. ИУ | 3,3-dimethyl 


7 carbons Їз 5 carbon ring ЗЕЙ 
Higher priority groups on 
opposite sides = Е. 
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C. cis-4-octene 


8 carbons ЕЛЕ 


1 


; А a 
f. adc ы У " e 


5 carbon ring 4 7 М 3 


Higher priority groups on 3.4. dimethvl 
the same side = cis. , y 
2 4 9. trans-2-heptene 
d. 4-vinylcyclopentene i da S 
. 4—5 2 Higher priority groups on 
5 carbon ring opposite sides = trans. 
X 


e. (2Z)-3-isopropyl-2-heptene h. 1-isopropyl-4-propylcyclohexene 


< 3-isopropyl 

6 carbon ring 

Higher priority groups on 1-isopropyl 
the same side = 2. 


7 carbons 


4-propyl d 


10.42 


ure eee PR WS ве“ eer 


(2E,4S)-4-methyl-2-nonene  (2E,A4R)-4-methyl-2-nonene — (2Z,4S)-4-methyl-2-nonene  (2Z,AR)-4-methyl-2-nonene 
A B С D 


b. A and B are enantiomers. C and D are enantiomers. 
c. Pairs of diastereomers: A and C, A and D, B and C, B and D. 


10.43 
H 
a 'CHs с (1Z,4S)-1,4-dimethylcyclodecene 
diastereomer 
(1E,4R)-1,4-dimethylcyclodecene 
b. “TH 


(1Z,AR)-1,4-dimethylcyclodecene 
diastereomer 
(1E,4S)-1,4-dimethylcyclodecene 
enantiomer 
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10.44 Name the alkene from which the epoxide can be derived and add the word oxide. 


a 
H о H 
derived E i 
СЕО с = 
from H from H 
6 Road ring 7 carbon chain 
cyclohexene : heptene 
1-ethylcyclohexene (3E)- 3-heptene oxide (ЗЕ)- переве 
1-ethylcyclohexene oxide апера oxide Е 
trans-3-heptene 
кош 


депуед 
ыя а eee TE (ctor 
from 
o AN mom о 5 carbon ring 
6 carbon chain cyclopentene 


hexene 4-tert-butylcyclopentene oxide ^4-fert-butylcyclopentene 


2-methyl-2-hexene oxide 2:methyl-2-hexene 


10.45 


a. 2-butyl-3-methyl-1-pentene ANAN Y <— 2-sec-butyl 
| 


A 
As written, this is the parent chain, 
but there is another longer chain 
containing the double bond. 


b. (Z)-2-methyl-2-hexene 
Pew new name: 
< 2-methyl-2-hexene 


Two groups on one end of the C=C 
are the same (2 СНа5), so по E and Z isomers are possible. 


new name: 
2-sec-butyl-1-hexene 


1 
-1-i -1- | 
с. (E)-1-isopropyl-1-butene A "ЧАИ 
As written, this is the parent chain, new name: 
but there is another longer chain (SE)-2-methyl-3-hexene 


containing the double bond. 


d. 5-methylcyclohexene O Li 
4. 


As written the methyl new name: 
is at C5. Re-number 4-methylcyclohexene 
to put it at C4. 
e. 4-isobutyl-2-methylcylohexene 


A 


A 
As written this methyl 
is at C2. Re-number 


| new пате: 
ТО 5-isobutyl-1-methylcyclohexene 
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f. 1-sec-butyl-2-cyclopentene 3 


1л— 


This has the double bond between 
C2 and C3. Cycloalkenes must 
have the double bond between 

C1 and C2. Re-number. 


g. 1-cyclohexen-4-ol CY mE 


The numbering is incorrect. When a compound 

contains both a double bond and an OH group, 

number the C skeleton to give the OH group the 
lower number. 


OH 
h. 3-ethyl-3-octen-5-ol > 
The numbering is incorrect. When а compound 
contains both a double bond and an OH group, 


number the C skeleton to give the OH group the 
lower number. 


10.46 a, b. E,Z, and К,5 designations are shown. 


1 
3—- 


new name: 
3-sec-butylcyclopentene 


OH 
Е? 


3—— 


3-cyclohexenol (The "1" can be omitted.) 


6-ethyl-5-octen-4-ol 


c. Nine double bonds that can be Е or Z 
Six tetrahedral stereogenic centers 


Maximum possible number of stereoisomers = 27 


10.47 


О 


T pev.» highest melting point 
stearic acid OH "ms double bonds 


О 


elaidic acid р“ intermediate melting point 


oleic acid 


one E double bond 


OH lowest melting point 
one Z double bond 
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10.48 
о 


о а. Ро PP eps 


OH all trans double bonds 
higher melting point 


27 


eleostearic acid 


all cis double bonds 
lower melting point 


10.49 The more negative ће ДНУ, the larger the Keq assuming entropy changes are comparable. 
Calculate the ДА? for each reaction and compare. 


CH2-CH5 * HI CH3CH2—I 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
sum in Step [1] 
AHP (kJ/mol) АН? (kJ/mol) + 
C-C x bond * 267 CH3ICH; —H —410 sum in Step [2] 
H—I + 297 C-I — 222 *564 kJ/mol 
—632 kJ/mol 
Total * 564 kJ/mol Total —632 kJ/mol 
—68 kJ/mol 
CH2=CH> + HCl СНзСН СІ 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
in Step [1 
AHP (kJ/mol) АН? (kJ/mol) ны PPL 
C-C л bond * 267 CH;CICH; —H —410 sum in Step [2] 
H-CI * 431 с-а – 339 + 698 kJ/mol 
-749 kJ/mol 
Total +698 kJ/mol Total — 749 kJ/mol 
— 51 kJ/mol 


Compare the ДНА“: 
Addition of HI: –68 kJ/mol = more negative AH”, larger Keq 


Addition of НСІ: -51 kJ/mol 
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10.50 
H 
a N HBr У, : „Лх, Bry, НО БАД: Br 
А | " ( J 
а М мем " 
Вг ~ gH OH 
H 
М НІ LCS " P db NBS У АВГ BE 
М2 St "EU 
“М aqueous DMSO ~ он OH 
~ њо РАИ : («^w ијвњ ИН 
с. А —— — Á—— 
Vo н.о, но 
H5SO, M OH 22 4 OH 
d СНзСН>ОН H 1. N [1] 9-BBN Pau 
M [2] H202, HO- 
#50, `` оСњенњ an pg 
Clo Pap К 
е + 
М 
Б CI 
10.51 
CH3 CH3 CH3 CH3 
| HBr \ вг, ЊО 
а C-CH; Gis GH: + Jess 2, 12 CH34- C — CH;Br 
CH3 Br СН; ÓH 
CH CH 
"a = HI "m сна : сн 
: = > з“ “пз \ NB 
E í 1 9. С=СН? CH3-C—CH,Br 
| CH3 aqueous DMSO OH 
Ch њо сњ » 
5 =н: Hao, ^ CH-C-CHs Т e m [1] BH; СНз 
2 4 . = > I 
CH; OH / 2 ео но ©з ОНОН 
CH3 CH СНз H 
\ CH3CH,OH > GH 
"au "та na \ [1] 9-BBN dp 
CHs H5SO, OCH,CH3 i. poe - CH3 С СНОН 
CH, CH; [2] H202, HO H 
'C-CH eh поје 
s Ж. Е CH4-C-CH;CI 
3 а! 
10.52 
Пан 
а. Br d. P d CH3CH;CH;CH-CHCH; 
с! Вг 
ОСС — 0 +O —QO- D 
с! с! 
сна CH3 CH3CH3 
c. ( сн, - с=с, Е (CH;CH2}CBr снн, 
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10.53 Hydroboration-oxidation results in addition of an OH group on the less substituted carbon, 
whereas acid-catalyzed addition of H20 results in the addition of an OH group on the more 


substituted carbon. 
. Оо О e De» 
Both methods would give 


и acid-catalyzed addition 
an | 
acid-catalyzed addition oo product mixtures. 
OH OH 
Co... + ted 


hydroboration—oxidation 


hydroboration—oxidation 


10.54 
а. (CH3CH>)sC=CHCH,CH d. С) О 
CHCH H CH3CH 
гу на PME 
pre CHCH} -C— C-H 
CHCH; | CHCH; Cl  CH;CHs e. [= 


Н adds here 


to less substituted C. Br adds here 


to less substituted C. 


aS du 
b. (CH3CH2);C-CH; 
CH3CH [1]9-BBN —— 
онген но 347 | CIEL C e a Ro. на CH20H 
је = cH. "m CH;CH?-C- CH; | [2] H203, 


СНзСН> on OH adds here 


H adds here to less substituted C. 
to less substituted C. 


= 


[1] BH be * B. Xx 
c. Cone А  (CH,),C—CHCH, DMSO, H,O bH Br 
Br ad here 
BH; adds here [2] H202, НОТ | 
to less substituted C. to less substituted C. 
To 
(CH4C — CHCH; h. e oM 
10.55 
CH3CH> h CH5CH45CH3 СНз а 
N N | 
с=с оп CH,CH-Q or C— CHCH;CHs CH,CH; -C- CH;CH;CH; 


/ / 
CH,CH;CH, Н Сн; CH4CH; CH3 
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10.56 


H = 
с=с | \ SH 
H ~ Nu C—C, + N 
/ ‘CH, Br 
Br H 


D us CHs Ua. (б, HO CH; CH3 Cl 
b с=с = с=с, САН CHCH / 
/ N « H H20 «eC + с—С,,,, 
сњен; н  CH3CH3 сна“ / N / у CH3 
CH4CH; el HO H 
CH3CH; CH4 CH4CH CH CH3CH5 Br HO СНз 
ed 3 : 3 Ка 3 NBS CH ac / " M m 
©. Г \ CH” NH DMSO, ЊО Е му 
3 ‚Нә / CH3 CH3CH; \ 
CH3 H HO a sCHz' / Br 


CH3 


10.57 


(CH3)sC = CH? 


t 
PIE: 
[9] 
£ 
у 
© 
ja 
wo 
5 
О 
9 
I I 
о 
И 
© 
Е 
о 
с“ 
О 
3 
I? 
о 


СНз а! СІ 
Cl ACH «CH 
e CL Tr Х only anti addition 
CH3 %, E 
ср СНз ci СНз 
[1] BH; «CH CH 
е ( # ers [2] H203, HO- H $7 / “н : only syn addition 
cd СНз Он СНз Он 
Вг CH;CH; Br CH;CH; 
Доне EA BER 
СІ OH 
, Cl S D 
| | + only anti addition 
H20 » 
OH Cl 
NBS 
DMSO, To HO CH; HO CH; 
h. H 


- o H OH HO H 
CH3CH-CHCH;CHs 2 Я ) 
H2504 p d PAX у d 
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10.58 Draw each reaction. (a) The cis isomer of 4-octene gives two enantiomers on addition of Bro. 
(b) The trans isomer gives a meso compound. 


н H 
== Вг. 


(4R,5R)-4,5-dibromooctane 
4 


cis-A-octene 


H 
= B 
b. 2 
H 


trans-4-octene 


Br H / 
e А 


ЈЕ“ Вг 


(4S,5S)-4,5-dibromooctane 
4 


enantiomers 


Br н_/ 


Hy 
Br 


(4R,5S)-4,5-dibromooctane 
meso compound 


10.59 
CH3CH; CHCH CHCH; Н 
с=с с=с 
/ N / \ 
| Ив | H—-Cl 
ОВОМЕ CH2CH3 CHCH " By protonation of the alkene, the cis and 
+ C-C-H * C-C-H trans isomers produce identical 
H Н H CHCH, сагросайоп intermediates. 
ie Е 
CH3CH, CH3CH; CH3CH; CH3CH; 
| | | | 
„С Ne Ко + С 
Hof 7 CH;CH;CHs СІЧ 7 CH;CH;CHs ни 4 "CH;CHCHs сг 7 CH;CH;CHs 
H | 
H 


10.60 


= 


A H Cl 
f? а dem H 
н :@1: н 

H H 


Both cis- and trans-3-hexene give the same 
racemic mixture of products, so the 
reaction is not stereospecific. 
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с :Ве 
f Ha Н 1,2-Hshift Sa Br 
b. т C+ с“ 
N X +‘ 
2° carbocation 


+ Br 


3° carbocation 


10.61 


H 
| 


Uu 2 сњ CH, :02н с Ch, Өн 
shift CH3 CH3 HSO, CH 
Је — 1:50, 
H- n" +Н50 њо 


2° carbocation 


3° carbocation + 8250, 


dd о“ m2 i er m а 
27S C 4 07 "CH, O^ OH 
2 i 
+ HSO 
-OSO3H 
10.62 
" 
H—OH H ш 
V | = * H40* 
д = б-н Он 
H20: E =. bdo 


H Но н 
+ 
Он“ 
( ; у à. 
— och оса ac , 
H 


ОМ. 
+O7H HÖ: ‘OH 
1,2-shift _ ,2-shift H A 


+ НО" 
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10.63 The isomerization reaction occurs by protonation and deprotonation. 


CH3 


t CH, i cH CH3 CH3 

I \ 
OSO3H GC. oes сн сг = oc 

сн Ct а LN 

CH; CH3 CH3 
CH3 
2,3-dimethyl-1-butene 2,3-dimethyl-2-butene 
10.64 
H и | ET H 
с=с н сн+—С- + ве 
PTA ЕЕ Mice. Н „__, CHCH=CHCH, 7 CH4CH-CH-CHBr 
н С=с с=с, uU 
H H H H 
Since two resonance structures can be drawn 
for the intermediate carbocation, two different 
rd products result from attack by Br. 
CH4CHCH- CH; 
10.65 
Br HBr Br 
.. НВг Е ^ соосњ ПВГ 
A x~ nch, JE C pu 


1 В ds ps =~ “ 
oe | [ О H о 


ы PF + | 
N бењ ~ осн, У C. g^ € Ps pu „СНа 
H 


H rg 
This carbocation is resonance H This carbocation is destabilized 
stabilized by the O atom, and by the 8" on the adjacent C, 
therefore preferentially forms and This carbocation is formed so it does not form. 
results in B. preferentially and results in product 
D. It is not destabilized by an 
adjacent electron-withdrawing 
COOCH; group. 
10.66 
S : н Е ж 
( M OH :Br 7 is ae O+ Br 
MM LAS Ln ИН — 
EA Ne * HBr 
+: Вг: 
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10.67 


b. 


C. 


d. 


e. 


f. 


10.68 


OH 
РВгз K* -OC(CH3); H,O + HSO. 
A PUEDE Aa А SS UA pw 
| m j OH adds to more substituted C. 
РОС, pyridine 
Br +- Br 
| K+ "OC(CH3); _ Br; | 
CH3 c CH3 > СНз CH=CH» = CH3 C CHBr 
н H 
pa HSO. [1] BH NaH о СН OC 
2а 3 й 3 H 
OH Pan OM 3 
SS P dices 
^ [2] HO, HO- e 
+— Сн» 
сну-сн-сна К ОС(СНз)з (CH,),C=CH, — HOI CHs-C-Cl 
CH3 СНз 
CI Br 
QU к=. Су x CX 
HO OH 
Pr Br 
| 
CH3CH- CH; CH,CH-CH, —NeNHa, сн„с=сн 
(2 equiv) 
ГА 
os Ch B cei ci : 
| H20 bi Q 
2 OH 2 
+H» 
Br CN 
ү HBr CY NaCN Cy 
M 
Br OH [onm О 
T CY NaH CY CH3CH;CH3I CY мм 
а 
(from b.) 
a [1]-SH OH 
+ enantiomer 
MA [2] H20 т 
(from a.) 
Pd [1-с=сн OH 
+ enantiomer 
Ма [2] H20 С. 
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10.69 
Br К* -ОС(СН;)з á Br NaNH; 
moyen үм . Br : ет 
(2 equiv) 
Вг 
Eyes Bro Y^ (from b.) 
OH 
о 
NaH 
(from a.) e. аи ка 
Br; OH 
Br (from c.) 
eb н.о 
(from a.) 
10.70 
OH B 
он" о 
РОС» 2 Вг, Ман C 
pyridine on H20 
A major product B 
OH 
NaH 
on | 
Вг 


n 
CT 
10.71 Having two rings joined together as in A and B creates a very rigid ring system and 
constrains bond angles. Evidently the bond angles around the С=С in A are close enough to 
the trigonal planar bond angle of 120? so that А 1s stable. With B, however, the С=С 18 


located at a carbon shared by both rings and the bond angles around the С=С deviate greatly 
from the desired angle, so that B is not a stable compound. 
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10.72 а. Br» adds in an anti fashion to form a meso dibromide. Rotate around the C-C bond to 
place H and Br anti periplanar in the second step. HBr can be eliminated in two ways, but 
both give the same product. 


Br Сен Вг Вг H СвН 
H, СН Mes М Mets 
“C=C ? Br N ZH го{аїе a CeHs АН 
«€. | У лик eese = we—C or “С—С 
Сен H anti H N H'/ C Hg / 
СЕН Br CoH H pf Br 


H and Br must be anti. 
KOH 
(-HBr) 


Сена ЗЕЕ 


meso compound 


Two higher priority groups are 
on opposite sides = E. 


b. Br addition forms two enantiomers. Anti periplanar elimination of Н and Br gives the 
same alkene from both compounds. 


H H Br H H Br 
"се Bro \ = za CeHs E CgHs rie __ / 
Сан: “онә anti НА / ÑH 
CgHs Br | Вг CgHs 
: two enantiomers А 
| rotate | гоїаїе 
H H Br Сењ mods H Ces Br 
| LE MEM T ud < & a о" 
Co Hg" HU "CgHg 
Br Br t H Br Br H СеН5 
KOH KOH 
(-HBr) (-HBr) 
P » es H „Сен 
с=с “с=с 
СвН5 Ter =— identical — Сена Вг 
Zisomer Z isomer 
c. The products in (a) and (b) are diastereomers. 
10.73 
К ae + ^ um 
e— | 35 = 
+ TsOH 


А + TsO^ isocomene 
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10.74 
Ма“ HCO4* Е 
р о Au =. О О 
H-Q :0 О б 
Е Ai Y T A 
1 


С 
+ Nat + НСОз 
10.75 
O Hi “Ин 
:OH ОН 
E f^ +" 2" carbocation 
Н—ОЗОЗН 
3 У + HSO% + Но 
1,2-H shift 
ZTH 
HSO4 
r— М 
+ + 
H 
+ #50, 3° carbocation 


10.76 


nerol _ 
+ OTs 
у 
< 
+ TsOH 
Me =з, 
но * * aet ГЕ 
W" TOT он 
H a-terpineol 
f De 
" 76502! 
к О = +  HSO4CI 
QH \ OH QH OH 
к, OSO,Cl + 
Í a-cyclogeraniol 
nerol 
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10.77 


+ HSO4 4 + H,SO, 
4 
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Chapter 11 Alkynes 
Chapter Review 
General facts about alkynes 


e  Alkynes contain a carbon-carbon triple bond consisting of a strong o bond and two weak л bonds. 
Each carbon is sp hybridized and linear (11.1). 


1809 
H-CEC-H = ө о-ө © 
acetylene | | 

sp hybridized 


e Alkynes are named using the suffix -yne (11.2). 

e Alkynes have weak intermolecular forces, giving them low mp's and low bp’s, and making them 
water insoluble (11.3). 

e Since its weaker л bonds make an alkyne electron rich, alkynes undergo addition reactions with 
electrophiles (11.6). 


Addition reactions of alkynes 
[1] Hydrohalogenation—A ddition of HX (X = Cl, Br, or I) (11.7) 


e Markovnikov’s rule is followed. H bonds to 
the less substituted C in order to form the 
more stable carbocation. 


H-X 
R-CEC-H - 


(2 equiv) 


e Bridged halonium ions are formed as 
intermediates. 
e Anti addition of X» occurs. 


X—X 
R-C=C—H > 


(2 equiv) 


e Markovnikov’s rule is followed. 


R H р Р 
в-с=с-н 0 ves H bonds to the less substituted C in 
8504 / order to form the more stable 


HgSO, ketone carbocation. 
e The unstable enol that is first formed 
rearranges to a carbonyl group. 
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[4] Hydroboration-oxidation— Addition of H2O (11.10) 


e The unstable enol, first formed after 
oxidation, rearranges to a carbonyl 


group. 


1] RBH 
в-с=с—н L1 Re E с=с 
[2] њо, но | Ун 


aldehyde 


Reactions involving acetylide anions 
[1] Formation of acetylide anions from terminal alkynes (11.6B) 


pus D Eu + e Typical bases used for the reaction are 
в. В —{к-с=с:) ia Майн» and NaH. 


[2] Reaction of acetylide anions with alkyl halides (11.11A) 


ucet = К |н-с=с-к }+ х- e The reaction follows an 52 mechanism. 
G e The reaction works best with CH;X and 


RCH»;X. 


[3] Reaction of acetylide anions with epoxides (11.11B) 


[1] A e The reaction follows ап Sn2 mechanism. 
H-CEC:- =| H-C=C-CH2CH20H | e Ring opening occurs from the back side at 
the less substituted end of the epoxide. 
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Practice Test on Chapter Review 


1. Draw the structure for the compound with the following IUPAC name: 5-fert-butyl-6,6-dimethyl- 
3-nonyne. 


2. a. Which of the following compounds is an enol tautomer of compound A? 


Mee 


4. A can be a tautomer of both compounds (1) and (2). 
5. A can be a tautomer of compounds (1), (2), and (3). 


b. Which of the following bases is strong enough to deprotonate СНзС=СН (propyne, pK; = 25)? 
The pK;'s of the conjugate acids of the bases are given in parentheses. 


СНз (pK; = 50) 

МаОСН: (pKa = 15.5) 

NaOCOCH; (pK, = 4.8) 

The bases in (1) and (2) are both strong enough. 
The bases in (1), (2), and (3) are all strong enough. 


videcur Кә ка 


3. Draw the organic products formed in the following reactions. 


"e [1] RoBH 
[2] H202, "ОН 


[1] ман 


[21 А 
[3] H20 


[1] TsCl, pyridine 
[2] С=СН 


302 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 11—4 


4. Draw two different enol tautomers for the following compound. 


=, 


OH 


5. What acetylide anion and alkyl halide are needed to make the following alkyne? 


Answers to Practice Test 


H CH 
CH;CH;- C5 C- 6 — 6— CH;CH;CHs 
(CH3)3C CH3 


i 


CH3—C=C—C—CH,CH3 


— N 


(> | 
Су. | CH, 


H C ) / 
[e 


{ у—с=с—оноңон (Е + 2) 
нс=с, D HO 
| OG 
(Е + 2) 


[e CH; 


= | 
CH3X Р P E 
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Answers to Problems 


11.1 e An internal alkyne has the triple bond somewhere in the middle of the carbon chain. 
e A terminal alkyne has the triple bond at the end of the carbon chain. 


HCZC-CH;CH;CH. | СНз-С=С-СН»СН: HC-C-CH-CH; 
CH3 
terminal alkyne internal alkyne terminal alkyne 


11.2 


Inc easing bond strengt :a<c<b 
< 


№ santalbic acid " 
(8) 
Csp?—Csp? 


11.3 To name an alkyne: 


[1] Find the longest chain that contains both atoms of the triple bond, change the -ane 
ending of the parent name to -yre, and number the chain to give the first carbon of the 
triple bond the lower number. 


[2] Name all substituents following the other rules of nomenclature. 


CH;CH;CHs CH2CHs СНз (Number to give the lower 

а. H-C-C- CH;CCH;CH;CHs c. CHp=CHCH,CHC=CCCH,CH,CH, "umber to the first site of 
' | unsaturation.) 
CH2CH2CH3 CH3 


4,4-dipropyl-1-heptyne 4-ethyl-7,7-dimethyl-1-decen-5-yne 

b. снас=ссасн;сна d. 
CH3 

4-chloro-4-methyl-2-hexyne 


(The longest chain must contain 
both functional groups.) 


3-isopropyl-1,5-octadiyne 


11.4 To work backwards from a name to a structure: 
[1] Find the parent name and the functional group. 
[2] Add the substituents to the appropriate carbon. 


OH < ОН on C1 OH 
a. trans-2-ethynylcyclopentanol B : E 
5 C ring with OH at C1 „CECH -——ethynylatC2 ог di аш 


b. 4-tert-butyl-5-decyne tert-butyl at C4 
10 C chain with a 
a triple bond = 


| 


triple bond at C5 
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c. 3-methylcyclononyne 


9 C ring with a 
triple bond at C1 


3-methyl triple bond at C1 


11.5 Two factors cause the boiling point increase. The linear sp hybridized C's of the alkyne 
allow for more van der Waals attraction between alkyne molecules. Also, since a triple bond 
is more polarizable than a double bond, this increases the van der Waals forces between two 
molecules as well. 


11.6 To convert an alkene to an alkyne: 


[1] Make a vicinal dihalide from the alkene by addition of X». 
[2] Add base to remove two equivalents of HX and form the alkyne. 


Na* "NH Na* -NH 
а. Br2CH(CH2)4CH3 2. |BrCH-CHCH;CH;CH;CHS | —————2—- НСЕССН»СН»СН»СНЗ 


not isolated 
жч 
b. СН;=СС(СН›)зСНз Ча М HC CCH;CH;CH;CHs 
Cl Ма“ -NH E 
с. CH2=CH(CH2)3CH3 : CH;CHCH;CH;CH;CHs ? ,, HCECCH;CH;CH;CHs 
el dy (2 equiv) 


11.7 Acetylene has a pK, of 25, so bases having a conjugate acid with a pK, above 25 will be 
able to deprotonate it. 


a. CH3NH' [pKa (СНзМН)) = 40] c. CH=CH [pK, (CH2=CH>) = 44] 
pK, > 25 = Can deprotonate acetylene. pK, > 25 = Can deprotonate acetylene. 
b. CO3% [pKa (НСО. ) = 10.2] d. (CH3),CO" {pKa [(СНз)зСОН] = 18} 
pK, « 25 = Cannot deprotonate acetylene. pK, « 25 = Cannot deprotonate acetylene. 


11.8 To draw the products of reactions with HX: 
• Add two moles of HX to the triple bond, following Markovnikov's rule. 
e Both X's end up on the more substituted C. 


Br 

а. CH3CH,CH,CH,—C=C—H ener CH;CH;CH;CH; -C-CH; 
Br 

Br Br 
b. CH3-CZzC-CH;CHs = сну CH;—C-CH;CH, + CH,- C- CH;- CH;CH; 

Br Br 

Br 

с. сесн -2 НВ. © CH 


Br 
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11.9 


“. | + + 
b. Снз-О-Сн› CH3—O=CH, 


11.10 Addition of one equivalent of X» to alkynes forms trans dihalides. 
Addition of two equivalents of X» to alkynes forms tetrahalides. 


Br Br 
2B || 
CH4CH5— Cx C- CH;CHs "2 CH3CH?-C—C - CH;CHs 
Br Br 
Cl cl JCH2CH3 
-cac- 2 
о. C= с trans dihalide 
CHCH Cl 
11.11 
сь Cl СНз Тһе two Cl atoms are electron withdrawing, 
СНз—С=С-СНз - с=с making the x bond less electron rich and 
CH; с! therefore less reactive with an electrophile. 


11.12 To draw the keto form of each enol: 
[1] Change the C-OH to a C=O at one end of the double bond. 
[2] Atthe other end ofthe double bond, add a proton. 


H H 
CH 
a. pro 2 ENS Ан с. OH о 
OH О H 


H A 
new С-Н bond 
OH o new C-H bond 
b. cM == ы чыё 
H HH пем C-H bond 


11.13 The treatment of alkynes with H20, H2SO., and HgSO, yields ketones. 


H-O CH3CH=C(OH)CH2CH3 О 
CH3—C=C—CH;CH3 2 + к ьа + «9; 
504, Н9$04 сн;с(он)=Снсн,Сн; o 
Two enols form. two ketones after 
tautomerization 
11.14 
enol tautomers constitutional isomers, 


but not tautomers 
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11.15 Reaction with H20, Н,504, and HgSO, adds the oxygen to the more substituted carbon. 
Reaction with [1] КВН, [2] H202, OH adds the oxygen to the less substituted carbon. 


CH О 
H-O i 3 y " А 
а. (СНарснен,—сес—н 2 = CH3-C CH,-C. Forms a ketone. H5O is added with the 
H5SO4, HgSO, " \ O atom on the more substituted carbon. 
3 
[1] КВН Gis 2 Forms an aldehyde. H5O is added with the 
—c2c- 2 7 . H2 
(САЗОНОВ C767 но, Ho СНз-Ф—©Н»-©Н;-С О atom on the less substituted carbon. 
| H 
Но P А А 
b. C=CH = C Forms a ketone. H20 is added with the 
Н,804, HgSO, ‘сн, О atom on the more substituted carbon. 
HH 
( уском ÚJRBH — — Өз: Forms an aldehyde. HO is added with the 
[2] H202, HO с=о О atom оп {һе /ess substituted carbon. 
H 


11.16 


is 
[]NaH Geez н, НСНУ (ou CHCH,-C=C-H + NaCl 
A 
2] CH3CH,-B P г 
[1] ман [УЖ свог Kh, Ї@©НзОНуВг_ [У е=с-снен, 1° alkyl halide 


substitution product 


а. H-C=C-H 


mU ye 


* NaBr 
b. M — "T 
[1] NaNH; [2] (CH3)3CCI У 


| С=С: + № с=сн, + NaCl 
CH; 


* (O csch 


3? alkyl halide 
elimination product 


11.17 
а. (CH3),CHCH,C=CH 
СНз | CH3 
CH3-C—CH3-3-C=C-H ===>  CH,-C-CH;Cl + C=C-H terminal alkyne 
H H only one possibility 
1° ВХ 


b. CH3C=CCH2CH2CH2CH3 


CHs-3-C£C-$- CH/CH;CH;CHs ——— [1] ССР + С=С-СН»СН»СН.СНз ~| internal alkyne 
n] [2] two possibilities 


[2] СНз-С=С |. +  CI-CH2CH;CH;CH4, = 
1° ВХ 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Alkynes 11—9 


C. (CH3)3CC=CCH2CH3 
Оз Grs 
CH3-~C—C=C-3-CH,CHg ——— CH3-C-C=C7~ + CI-CH;CH, | internal alkyne 
CH3 CH3 1° RX only one possibility 
CH3 
==>  CH,C-Cl + T C=CCH;CH; The 3° alkyl halide 
бн» would undergo elimination. 
3° RX 
too crowded for Sy2 reaction 
11.18 
HC=C-H > НСЕС: = H-C=C—CH2CH3 > <:C=C—CH,CH3 + Н, 
+ Hp 
= | 
+ Na* + Na'Br (снзснсњо- 8, 
H 
(CH3),CHCH»CH,—C=C—CH,CH; + Br 
11.19 
CH; СНз СНз СНз The 3? alkyl halide is too crowded for nucleophilic 
CH3 c C=C c CH3 CH3 С Сес“- + X-C-Chs substitution. Instead, it would undergo elimination 
CH; CH; CH; CH; with the acetylide anion. 
2,2,5,5-tetramethyl-3-hexyne 
11.20 
СНз phuc „СНа Epoxide is drawn up, so the 
а: о [pes Cr acetylide anion attacks from below 
| at less substituted C. 
[2] H20 ^ 
бу, 
CH 
ZCH | . 
[1]-:C=C-H OH NS Backside attack of the nucleophile 
b. o L—— > CX * CX (-C=CH) at either C since both 
[2] H20 "Cu OH ends are equally substituted 
SCH 
enantiomers 


11.21 
CH3CH,C=C-Na* 


а. CH3CH2CH2Br CH3C 


CH3CH,C=C-Na* 
b. (CH3),CHCH;CH;CI 


CH3CH,C=C-Na* 


с. (CH3CH,)3CCI 


CH4CH,CEC-Na* 


d. BrCH,CH,CH,CH,OH 


(CH3CH2)2C =CHCH3 


H,CH,C=CCH,CH3 


(CH3)2CHCH»CH»C=CCH2CH3 


+  CH3CH»,C=CH 


CH3CH,C=CH + BrCH,CH,CH,CH,O-Na* 
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O  CH3CH,C=C-Nat* но 
е. AN 30172 = 2" - CH;CH,C=CCH,CH,OH 
О p 
CH34CH;CS CN H20 
f: aie 235 — снзсн›С=СОСН›СНСН» 


OH 


11.22 To use a retrosynthetic analysis: 
[1] Count the number of carbon atoms in the starting material and product. 


[2] Look at the functional groups in the starting material and product. 
e Determine what types of reactions can form the product. 
e Determine what types of reactions the starting material can undergo. 
[3] Work backwards from the product to make the starting material. 
[4] Write out the synthesis in the synthetic direction. 
? 
CH4CH;CECCH;CH, === HC=CH 
6 C's 2 C's 


CH4CH;CSCCH,CH, === сњењс=с + СНСН,Вг === HC=C + CH4CHjBr 


B: CHCH Br Г Иман: / chien Ви 


Nat Нн 
"ERE = CH3CH5CzC—H CH3CH;CzC:- CH3CH5C  CCH2CHs4 
11.23 
CH3CHCH;- => НСЕСН 
product: starting material: 
4 carbons, aldehyde functional group 2 carbons, С=С functional group 
(can be made by hydroboration—oxidation of (can form an acetylide 
a terminal alkyne) anion by reaction with NaH) 
p 
Retrosynthetic CH3CH;CH; - C == CH$4CH;CEC-H >Н-СЕС-Н 
analysis: H 
T Na*H:. posu" “В Jp 
Forward direction: н сој NOH -б=с-н сЕ снснс=с-н ВН, CH4CH5CH;- C 
N 


[2] Њ0,, HO- H 


11.24 
a. 6 4 3 6 C alkyne —~hexyne 
FO C=C at C1 — 1-hexyne 
NS CH, and CH;CH, at СЗ 
| | 3-ethyl-3-methyl-1-hexyne 
1-hexyne 
b == х 12 С chain with 2 С=Сз —- dodecadiyne 
` 11 C=C's at СЗ and C5 —= 3,5-dodecadiyne 


1 CH, at C11 
11-methyl-3,5-dodecadiyne 
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11.26 


keto form enol form 
Mo N * 
~ | Zn H 
HN 2 | 
erlotinib most acidic 
С-Н proton 


shortest C-C single bond 
Csp-Csp? 


enol form keto form 


d. * = sp hybridized C 
е.3<1<2 О 


с | _ 


most acidic 
proton 


11.27 Use the rules from Answer 11.3 to name the alkynes. 


1-hexyne 


3-hexyne 


щи _ |) 


2-hexyne 4-methyl-1-pentyne 


3-methyl-1-pentyne 


= 


3,3-dimethyl-1-butyne 


— 


4-methyl-2-pentyne 


11.28 Use the rules from Answer 11.3 to name the alkynes. 


a. CH3CH,CH(CH3)C=CCH,CH, 


b. 


5 


| 


5-methyl 


3 


| 


5-methyl-3-heptyne 
3-heptyne 


3-hexyne 


CH3 


| 


CH4CHCZCCHCH, 2,5-dimethyl-3-hexyne 
П 1 


СНз 


| 


2,5-dimethyl 


4-nonyne 


СНз -— 7-methyl 


СНаСН>СНСЕССНСНСНЬСНЗ 


| 
CH3CH2 


3,6-diethyl 


CH2CH3 


3,6-diethyl-7-methyl-4-nonyne 


d. 


HC=C—CH(CH,CH3)CH,CH,CH; 


1-hexyne — 3-ећу! 


CH4CH;CECCH,C E CCHS 


== == ethynyl 


Alkynes 11—11 


phomallenic acid C 


3-ethyl-1-hexyne 


2,5-octadiyne 


1-ethynyl-6-methylcyclohexene 
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11.29 Use the directions from Answer 11.4 to draw each structure. 


a. 5,6-dimethyl-2-heptyne 


2-heptyne S 


b. 5-tert-butyl-6,6-dimethyl-3-nonyne 


~— 6,6-dimethyl 
у“ | 


3-nonyne 
5-tert-butyl 


с. (4S)-4-chloro-2-pentyne 


CI -— 4-chloro 


d. cis-1-ethynyl-2-methylcyclopentane 


1-ethynyl 


} 
C=CH or Су с=ен 


— 2-те ћу! 
e. 3,4-dimethyl-1,5-octadiyne 


7 3,4-dimethyl 


laime 
f. (6Z)-6-methyl-6-octen-1-yne 


diyne 


— 6-methyl 


== «он S configuration 


2-pentyne 


11.30 Keto—enol tautomers are constitutional isomers in equilibrium that differ in the location of a 
double bond and a hydrogen. The OH in an enol must be bonded to а С=С. 


C 
а. cu; Ссн, and cH] ~сн, e 


РОН апа d d H 


*C-0 e * C=C ‚С=О О 
* опе more CH bond * OH on С=С * OH on С=С * one more CH bond 


keto—enol tautomers keto—enol tautomers 


cns СЛ 


OH is not bonded 
to the C=C. 
NOT кего–епо! tautomers 


OH 


О 
d. p and PAR 


NOT keto-enol tautomers 


OH is not bonded 
to the C=C. 


11.31 To draw the enol form of each keto form: [1] Change the C=O to а C-OH. [2] Change 
one single C-C bond to a double bond, making sure the OH group is bonded to the C=C. 
Use the directions from Answer 11.12 to draw each keto form. 


О OH OH d 
а. CH3CH;CHO = ——* E/Z isomers с. = Е 
„2 
И A, possible Т 


о OH OH 
CH2CH3 CH2CH3 CH2CH3 
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11.32 Tautomers are constitutional isomers that are in equilibrium and differ in the location of a 
double bond and a hydrogen atom. 


О о он о о OH OH O о OH 
pow а: ee b. | 2 ww a. NE 
A 


tautomer constitutional isomer constitutional isomer neither 
11.33 
о OH OH 
PD EE P Ы pe (сапа?) 
2-butanone С=С has one С=С has two C's bonded to it. 
C bonded to it. The more substituted double 
bond is more stable. 
11.34 
oH), ..— T 
б-н - О: + - - HO 
| 079 5 | А О | =Q | 2-8 * 
HO + Н-ОН ( M 
"p 
11.35 
+ 
(нон, Сінсн, "— SNCH; —— (ation, + нб? 
HA 
m + НО + HO 
X б-н P ? Y 
enamine +] imine 
11.36 
CI i 
HCI | [1] КВН C. 
HCZCCH;CH;CH;CH, | а. CH4— C- CH;CH;CH;CHs mo ao H^  CH;CH;CH;CH;CHs 
(2 equiv) а [2] H202, 
HB ii NaH Hoz 
b: r CH; CCH;CH,CH;CHs f Na*- CE CCH;CH;CH;CHs 
(2 equiv) Br 
T 1] NH 
^ Ph HÓ-CCH,CH,CH,CHs g. me CH4CH;C 4 CCH;CH;CH;CH; 
(2 equiv) аа [2] CH3CH2Br 
о 1] NH 
d. ree à p HEN о HOCH3CH; — C € CCH;CH?CH;CH; 
H2SO4, Назо, СНЕ” ^ CH2CH;CH;CHs [2] A 


[3] H20 
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11.37 
О 
== ee И e = = Pu 
a. E nS EE D 
(2 equiv) Е H5S0, 
О 
Br Br 
: Bo N [1] КВН Jic = 
: А (2 equiv) d. [2] H202, НО“ 
Вг Вг 
11.38 
0 
H20 pom 
а. (CH4CH;C— Cs CH = (CH3CH3C^ “Сн; 
H5S0,, HgSO, 
[1] ВН 
b. (CH3CH2)3C -C=CH > (CH4CH4,C—CH4CHO 
(СНзСН2)з [2] H;0;, HO- (CH3CH5)s 2 
HCI 
C. (CH3CH)3C—C=CH ~ (CH3CH2)3CCCl2CH3 
(2 equiv) 
[1] NaH = 
d. (CH3CH5),C — Cx CH > (CH3CH2)3C — Cz CCH2CHs 


[2] CH3CH2Br 


11.39 Reaction rate (which is determined by Е,) and enthalpy (АН?) are not related. More 
exothermic reactions are not necessarily faster. Since the addition of HX to an alkene forms 
a more stable carbocation in an endothermic, rate-determining step, this carbocation is 
formed faster by the Hammond postulate. 


H H X H H X 
HX |+ | HX | t MEM 
R-C=C-R' R-C-C-R' —— R-C=C-R' вов ВОВ: = R=C=C-R; 
H H H H H H 
sp hybridized carbocation sp? hybridized carbocation 
less stable more stable 
slower reaction faster reaction 
11.40 
о он 
~~ ——> ===) 2СН 
а. — о И ИЕ 
О OH 
Д 
b. C Cy —С= 
сну CH, = сна“ CH? ==) СНз C=CH 


о 
[e] 
/ 
О 
F 
о-о 
F- Е 
О 
s 
О 
111 
О 
x= 


d. БИ S Ж did у CH4CH; — Cz C— CH;CH5 
О OH 
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11.41 To determine what two alkynes could yield the given ketone, work backwards by drawing 
the enols and then the alkynes. 


H OH О HO H 
N / И N / _ 
HC=C—CH,CH3 - C=C - 264 - C=C - СНз-С=С-СН; 
EA сну ~CH,CH3 ~ А 
H CH2CH3 CH3 CH3 
2-butanone 
11.42 
CH;CHO с=сн 
а Q CY b. == (CH3);CHC E CCH(CH3); 
О 
11.43 
Е 2 HBr B Pr 
аа “ССН Бе ре ер 
а! 


2 | 
b. (Снуссесн ——- (СН)30С— СНСЬ 


CI 
CI CI 
1] Cl 
" ( Уенен—( ) [1] Cl D [2] NaNH; T 
| 1 (2 equiv) 
H H 
[1] RoBH 
а. и CECH : а а а 
2] H203, HO || 
[2] H202 О 
e. НС=С + DO HC=CD + DO- 


о О 

но | C 
CzC-CHs > „С ^CH4CH 
H250, [ен CHa + ei aids 


g- CH4CH;CSC + CH4CH;CH;-OTs 


> 


СНзСН>С=ССН»СН>СНз + OTs 
СНз [14] HC=C_ СНз [2] HO-H СНз 
C=CH C=CH 
СН; 
[1] Na* -NH3 = [2 Wut 
CH3CH,C=C-H > СНзСН2СЕС ~ CH3CH»C=C—CHy 


| C=C-H [1] Na*H- C=C ш A С=ССН›СН›07 [3] HO-H C=C—CH,CH,OH 
]- 


= 
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11.44 
KOC(CH3) Br. Tm KOC(CH3)s 
CH;CH;Br 1773/3 CH=CH, 2, ( C-C - C=CH 
| | DMSO 
Br Br (2 equiv) 
A B с р NaNH; 
_ сна = 
C=CCH; C=C 
E 
11.45 
most acidic H 
[1] мамн; 
[2] СНзІ 
H—-C=C-CH,CH,CH,OH Ж—  CH4- CEC- CH;CH;CH;0H 
A NaNH; will remove the 
proton from the 
OH since it is more acidic. 
H—C=C—CH,CH,CH,O: ) = H-C5C- CH;CH;CH;OCH, = B 
= ^ 
CH4—I 
11.46 
stereogenic center at identical 
the site of reaction 
| О, [1] HC=C N on CH А рн 
Cl нс=с“ C=CH с = iA BR 
udi 4 у Ae - С + C—C, 
Е. E НУ \СНз [2] н.о ~ & 
"a С ү М [2] H2 A ba Z NCH, 
у XH нс’ 
stereogenic center NOT inversion 
at the site of reaction Configuration is retained. 
_ О = HO H H OH 
b. | Cl HC=C | C=CH Ч ИА, [1] HC=C N SCH; СНз, / 
di us С NE H н BITES Re SAU BN c 
CH, H CH; H СНз CH; 2 MON / УН 
CH3 ` < CH3 
CH HC 


enantiomers 
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11.47 
pu Ња PS s = “ы 
OH pyridine OTs 52 Sus 
A B 


retention inversion 


inversion inversion 
11.48 
w= E 
—[ 9 Li* PEN C-C bond 
Su. = i 
PBry ter) ~:C=CCHOR' C=CCH,OR 
OCOR OCOR | OCOR 
С 
он он 
О 1] D= НСЕС_ OR OH 
b „РМ ов E н-С=с м - H-C=C Lo 
: [2] H20 І \ \ Е = TsCl, 
These 2 C's are added. pyridine 
OCH2CH3 OCH2CH3 OH OH 


[2] F = CH,CH,Br 


С И] ман _ L ман _ -— icone О” 
ua d pp енг " 676 ( H-C=C | 


G 
new C-C bond 
11.49 
Cr H СНзСН» Мн) 

CH3CH,—C7C—H - сс à CH3CH;-CEC—H 

rti см“ Ме 

Br A<, НЕ Br н 1-butyne 

NH; ~ 
Н Br? Н Ch; 
CH;-C7, - CH; - cad CH3—C=C—CH3 | major product 
| | / \ 
H Br CH; Bro Ту more substituted alkyne 
t (E and Z isomers possible) 
NEI Reaction by-products: 
H xs 
emn е. 2NH, + 2Br 

CH3CH?- C1 C—H =y 276 СН CH3CH=C=CH> | 

Вг H= се. 

_ 7. 1,2-butadiene 
:NH2 H Br Ё 
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11.50 A carbanion is more stable when its lone pair is in an orbital with a higher percentage of the 
smaller s orbital. A carbocation is more stable when its positive charge is due to a vacant 
orbital with a lower percentage of the smaller s orbital. In НС=С", the positively charged C 
uses two p orbitals to form two л bonds. If the с bond is formed using an sp hybrid orbital, 
the second hybrid orbital would have to remain vacant, a highly unstable situation. 


= + + 
HCsC СН›=СН HC=C CH=CH 
2 "m 
sp hybridized sp" hybridized sp hybridized sp hybridized 
higher 96 s-character lower % s-character Vacant orbital has 5096 s-character. Vacant orbital is a p orbital. 
more stable less stable less stable more stable 
11.51 
CH3 Cl 
NE Ca СГ attack on the opposite side 
ној | ; 
У: / \ to the Н yields the 2 isomer. 
\ ен; H CH; 
H-Cl N * 
СНзС=ССНз ~ | C—C-CHs CH; НЗ 
id ue с=с СГ attack on the same side as 
/ \ the H yields the E isomer. 
lc H CI 
СЕ 
11.52 
а. 
SS Su. EN SS 
с — С —— С С + :OH 
С no | C C 
i> *e H | 
A » 
H “оло: н^$=н So 
Е K Ou К 5 
CHCH; Li* + CH4CH4 неон 
+ Li* 
„> uso, E 
E: кз ы, HSO; A i 
oy con — но ay 
b. СИз—С-С=СН СНз e C=CH - СНз e СЕСН + > CH3 c С CH > СНз C-c-C H 
H H H H H 
+ HSO, resonance structures 
HSO, 
CH.CH-CH — *O-H <:0H :Q-H 
С=6 CH4-CH2C-C; CH4-CH-C—- C7 CH3-CH2C-C-H 
+ HS0, | ин 4 H ^ 
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11.53 
H + 
£-C-O0CH, 
CH3CH;CH + 
+ аы £o H-OH» 
нон, н HÖ \ 
\+ T. <, | ae .. 
H TE H ‘OH H ‘OH 
" \ = \ T+ \ / 
СНзСН2СН›С=С- ОСН; С=с ОСН; = с=с. с=с. 
CH3CH;CHa ) CH3CH,CH, OCH; CH3CH,CH, ОСН; 
H20 
5d m А 
"di -OSH но ( OR 
7 ve 
CH3CH?CH;CH5 - C. . == CH3CH?CH;CH5- C, . CH3CH2CH2CH2- C 
OCH; OCH; OCH; 
+ we 5 ve 
+ m 
н-Он; + HO 
11.54 
KOC(CH3)s 
а. CeH&CH;CHBr;, —— ——-- CgH&CECH 
(2 equiv) 
DMSO 
KOC(CH3)3 Br; NaNH; 
b. CeHSCHBrCHs CgHsCH=CH, — CgHsCHBrCH,Br CgHsC=CH 
excess 
H2SO4 Bro NaNH5 
C. CgHgCH5CH;OH сенаснесн; ——À CgHsCHBrCH,Br CgHsC=CH 


excess 


11.55 The alkyl halides must be methyl or 19. 


а. HC=C-3-CH,CH,CH(CH3)) = HC=C: + CI7 Сњонњон(сна), 1* RX 


cS ть 
b. CH3-8-C=C C—CH,CH3 ===> CHa Cl + :C=C—C—CH,CHs 
CH3 CH3 
к у 5 
с. C=C-3-CH,CH,CH, =} С=с: + ОЬ 1° RX 
11.56 
" Na*H- _- (CH32CHCH;z-CI 
а. HC=C-H > НСЕС ~ (CH3),CHCH,C=CH 
_ Na* H- ____ CH4CH;CH;-CI NaH 
b. НСЕС-Н > HC=C = 


сЊСЊСЊСЕсн CH3CH,CH,C=C — 


CH3CH5CH;-CI 


CH3CH5CH5C  CCH2CH;CH5 
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1] АВН 
c. сњењенс=сн -RBH __. снснснснсно 
(тот b) [2] H205, HO 
о 
H20 
d. CH,CH,CH;C-CH 2 c 
Н2504 CHa4CH;CH4^ ССН 
(from b.) HgSO, зеп; 3 
2 HCI 
€.  CH4CH;CH9C2 CH. — — — —-  CH3CH,CH,CCI,CH3 
(from b.) 
H20 9 
f. CH,CH;CH;CECCH;CH;CH, ————— >» С. 
H2S04, HgSO,  CH3CH;CH;4 ^ CH;CH;CH;CHs 
(from b.) 
11.57 
Cl 
hes 2 -NH, 
a. CH3CH;CH- CH; CH4CH;CH- CH; CH,CH,C=CH 
HBr 
b. CH4CH;CECH ~  CHjCH;CBr;CHs 
(from a.) (2 equiv) 
€. CH4CH;CECH pem CH3CH;CCI;CHCI; 
(from a.) (2 equiv) 
Вг. 
d. сњенснесн, 2 _„ CH3CH;CHBrCH;Br 
—. CH3CH;CH;-Br 
e. CH3CH,C=CH CH3CH,C=C значе -  CH4CH5CS C- CH;CH;CH4 
(from a.) 
О 
[1] Z\ 
f сњењсес“ рњо CH3CH;C S C - CH;CH;0H 
2 
(from e.) 
n o Sh 
9. сњењс=с“ E 
2] HO PR 
(from e.) [2] H2 C=CCH,CH3 
(+ enantiomer) 
11.58 
a. нс=сн P ‚ pozo- CHsCHsCHeCH2CHCHoBr Gy Cu el cn cH; cH, cS CH 
NaH — CH3CH,Br 


b. CH4CH2CH2CH;CH;CH5C CH 
(from a.) 


CH4CH;CH;CH,CH4CH,C9C — — 9 CH4CH;CH?CH;CH;CH;C SCCH;CHs 


О 


- МИХ 
с. CH,CH;CH;CH;CH;CH;CE C CH4CH;CH;CH;CH;CH;C S CCH;CH;OH 
(from b.) [2] H20 
" [1] NaH _ 
d. CH4CH;CH;CH;CH;CH;CS CCH;CH;OH ==> CH3CH;CH;CH;CH;CH;C S CCH;CH;0CH;CHs 
[2] СНЗСН;Вг 


(from c.) 
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11.59 
= Вг 
K* "OC(CH3); Bry NaNH NaH _ 
ов = CH;-CH; - 2, НСЕСН - НСЕС 
Br (2 equiv) 
в 
H20 AS = 
did = с=с Вг с=с 4. Ман HC=c 
H5S04, HgSO, 
О 
11.60 
= z e PN O wucospu- MH. chcac 
a. SoH NX “(Св = 3 = w 3 = 
Br — CH4- CS CCH;CH;CH; 
SOCI, 
79H > а 
b 2 Сё у шее CH4CSCCH nm 
но Yel Бе (from a.) DOS 4 
(from a.) OH [2] HO 
11.61 
HSO Br, Br - 
a. “оң 29a _ CH;-CH; 2 eau нс=сн Ман | нс=с 
equiv 
Br PBr. 
ов с чри 
[1] ман 
С=с ы с= 
но ад, 
[3] H20 
Br NaH О 
Њ5 Br. 
Ион — 7. CH=CH; ——— 


H20 OH 


с=с Ман с=с CH3CH,Br с=с 
b. Ho E сед EN —. CHCH;-0— - E 


roma) (from a.) 


11.62 Two resonance structures can be drawn for an enol. 


(OH * OH 
>< pu negative charge on C that 
~ js part of the enol C=C 


Since the second resonance structure places an electron pair (and therefore a negative charge) 
on an enol carbon, this makes the C=C more nucleophilic than the C=C of an alkene for which 
no additional resonance forms can be drawn. Thus, the OH group donates electron density to 
the С=С by a resonance effect. 
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11.63 
—H —H CiO-H *O—H њо О 
+ 
Н<-ОН› BEN — <— +> ae + H30 
+ 
H H H H 
11.64 
: Br—Br: E 
de as + за CH Br 
[3 cBr CH; :Вг: СНз Br 3+ | 
CH3-CEC^H CH4-C2C-H Р от ~ РА E del 
нб HEO HO и H-0:2 н 
+ Br 5 wt + HO 
Hö Ht OH; 
CH B 
:0: и ТЕ 
c C Cel 
сна“ ~CH2Br H> H 
+ H3O* H20 
11.65 
Only this carbocation forms because 
it is resonance stabilized. The 
positive charge is delocalized on oxygen. 
Q Y 
о тон oA e - not resonance stabilized 
а i + TsO- not ж 
; re-draw 
е М OCH; 
oor № EN 07 DOCH; ©; 
CHOH dm Xx Y 


Ы сњоњ 
11.66 A more stable internal alkyne can be isomerized to a less stable terminal alkyne under these 
reaction conditions because when CH3;CH2C=CH is first formed, it contains an sp hybridized 
C-H bond, which 15 more acidic than any proton in CH;-C=C—CH3. Under the reaction 
conditions, this proton is removed with base. Formation of the resulting acetylide anion 
drives the equilibrium to favor its formation. Protonation of this acetylide anion gives the 
less stable terminal alkyne. 
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~ Ко ИА: 
| N - = LN 
CH-C=C 6H, + NH, — СН үз = CH-C-C-CH, ——. снз-с=с=сн + NH, 
ин H 
2-butyne b 
т NHS :МН, 
H20 ~ b 
| v NH; :NH3 
= . A T N - 
CH3CH,—C=C: + ‘МН: < CH3CH,-C=C-H ~ СНз С CECH « - CHs-C=C7CH + мн 
acetylide anion ива H | 


<! e UN = - 
(CH3)j;:CH—CzC-C(CHg); + Мн, —— т = (СНз)2Сн— С=Сс=С(СНз)2 


2,5-dimethyl-3-hexyne + МН (4 


(CH3),CH—C=C=C(CH3). + NH 
2,5-dimethyl-2,3-hexadiene 
In this case the reaction stops with formation of 2,5-dimethyl-2,3-hexadiene because a terminal 


alkyne (with an acidic sp hybridized С-Н bond) is not formed. Removal of the circled H in the 
diene re-forms the anion shown in resonance structures A and B. 


11.67 
СНа 
С 
4 
о я 
I 
2с. DH У CH3 
SOR CH | CH c, "m 
CH 3 hans x 
OH C = Con, Је * C — а == = 
+ HÖ CH + | SS 
ӧн О: 
you Тах 
о: | 
. ue :. 
Bit. СНз. бн H О ЕКЕТ CH3, - OH 
Си M i AU i 
c = d ue = | ома 
+ HCOOH 


resonance structures 
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11.68 In the presence of acid, (R)-o.-methylbutyrophenone enolizes to form an achiral enol. 


ШУ + 
ss H—OH 
Di "Tub 


OH 
——— < 
(R)-a-methylbutyrophenone (+ 1 resonance | (E and 2 isomers) 
structure) achiral enol 


The achiral enol can then be protonated from above or below the plane to form a racemic 
mixture that is optically inactive. 


:OH below + H3O* 
S8 d 
( + above + но" 
H—OH; 
я 


racemic mixture 
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Chapter 12 Oxidation and Reduction 


Chapter Review 


Summary: Terms that describe reaction selectivity 
e A regioselective reaction forms predominately or exclusively one constitutional isomer 


(Section 8.5). 


CH; CH 
СР =. О”. om 


major product minor product 
trisubstituted alkene disubstituted alkene 


e A stereoselective reaction forms predominately or exclusively one stereoisomer (Section 8.5). 


H Br C2 H C2 A 
(> =, Ba OE сс + - 
E / PUR 
| O | | 


trans alkene cis alkene 
major product minor product 


e An enantioselective reaction forms predominately or exclusively one enantiomer (Section 12.15). 


Mo cai аб Gu 
“ “сн,он Sharpless и \Сньон 
reagent | 


o — C-C% CHOH 
?] 
allylic alcohol 


One enantiomer is favored. 


Definitions of oxidation and reduction 


Oxidation reactions result in: Reduction reactions result in: 
e anincrease in the number of C-Z bonds, e а decrease in the number of C-Z bonds, or 
Or e an increase in the number of С-Н bonds. 


e а decrease in the number of C-H bonds. 
[Z = an element more electronegative than C] 


Reduction reactions 
[1] Reduction of alkenes—Catalytic hydrogenation (12.3) 


e Syn addition of H occurs. 
e Increasing alkyl substitution on the C=C 
decreases the rate of reaction. 


H2 
R—CH=CH-R > 
Pd, Pt, or Ni 
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[2] Reduction of alkynes 


H H 
2 H2 || 
[а] R-C-C-R - R-C-C-R 
Pd-C Н н 
alkane 
R R 
| г: H2 A 
[b] R-C-C-R и С=с 
catalyst H H 
cis alkene 
R H 
[c] Hosp M 2 Yag 
NH3 P» 4 
H R 
trans alkene 


e Two equivalents of Н» are added and four 
new С-Н bonds are formed (12.5А). 


e Syn addition of Н» occurs, forming a cis 
alkene (12.5B). 

e The Lindlar catalyst is deactivated so that 
reaction stops after one equivalent of H2 
has been added. 


e Anti addition of Н» occurs, forming а 
trans alkene (12.5C). 


[3] Reduction of alkyl halides (12.6) 


[1] НАНА 
Bex C e R—H 


The reaction follows an $42 mechanism. 
CH3X and RCH>X react faster than more 
substituted RX. 


[4] Reduction of epoxides (12.6) 


Q И] ЦАНА, 
"^ N' рњо 


alcohol 


Oxidation reactions 
[1] Oxidation of alkenes 


[a] Epoxidation (12.8) 


сс 
p x 


epoxide 


cQ + RCO3H 


The reaction follows an $м2 mechanism. 
In unsymmetrical epoxides, Н (from 
LiAlHA) attacks at the less substituted 
carbon. 


The mechanism has one step. 
Syn addition of an O atom occurs. 
The reaction is stereospecific. 


& / [1] RCO3H 


/ \ [2] НО ( H* or НОУ) 


1,2-diol 


Ring opening of an epoxide intermediate 
with OH or H20 forms a 1,2-diol with two 
OH groups added in an anti fashion. 
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[c] Syn dihydroxylation (12.9B) 


\ / 1110304; [2] NeHSO;, H2O 


e Each reagent adds two new C—O 


or 
[1] OsO4, ММО; [2] NaHSO3, НО bonds to the С=С in a syn fashion. 
or 


КМпо,, H20, НО“ 


[d] Oxidative cleavage (12.10) 


R R qe. 


4 |: [2] Zn, H20 or 
CH3SCH3 


e Both the o and п bonds of the alkene 
are cleaved to form two carbonyl 


ketone aldehyde groups. 


R 
110 / 
R-C=C-R' ae MS + O=C The с bond and both л bonds of the 
a] . [2] H2O ou 
internal alkyne alkyne are cleaved. 
carboxylic acids 
[1] Оз 


[b R-GCZC-—H 
terminal alkyne [2] H20 


Oxidation of a 1? alcohol with PCC or 
HCrO4 (Amberlyst A-26 resin) stops at the 
aldehyde stage. Only one С-Н bond is 


PCC 


or 
HCrO,* 


1° alcoho! ^ 9e а replaced by a C-O bond. 
H e Oxidation of a 1° alcohol under harsher 
[5] R-—C-OH OS reaction conditions—CrO3 (ог Na;Cr?O; or 
ü #280,, НО K2Cr207) + H50 + H2SO4—affords a 
1? alcohol RCOOH. Two C-H bonds are replaced by 
two C-O bonds. 
H e Since a 2° alcohol has only one С-Н bond 
[c] в-с-он PCC or Cros | а on the carbon bearing ће OH group, all 
R HCrO,- R Cr“ reagents—PCC, CrO;, NazCr2O7, 
2° alcohol Amberlyst A-26 ketone K5Cr;O;, ог HCrO4 (Amberlyst A-26 
кы resin)—oxidize a 2° alcohol to a ketone. 


[4] Asymmetric epoxidation of allylic alcohols (12.15) 
eo (CH3),C — OOH 


R MH Ti[OCH(CH3)2la 


with (—)-ОЕТ with (+)-DET 
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Practice Test on Chapter Review 


l.a. Compound X has a molecular formula of СН}; and contains no triple bonds. X is hydrogenated 
to a compound of molecular formula СоН14 with excess Н» and a palladium catalyst. What сап 
be said about X? 


1. X has four rings. 4. X has one ring and three double bonds. 
2. X has three rings and one double bond. 5. X has four double bonds. 
3. X has two rings and two double bonds. 


b. Syn addition to an alkene occurs exclusively with which reagents? 


г 0504 

. KMnO,, H20, OH 

. mCPBA, then H20, OH 

. Both reagents (1) and (2) give syn addition exclusively. 
. Reagents (1), (2), and (3) give syn addition exclusively. 


Сл > шо цо к 


c. Which of the following reagents adds to an alkene exclusively in an anti fashion? 


1. Bro 4. Reagents (1) and (2) both add in an anti fashion. 
2. H2, Pd-C 5. Reagents (1), (2), and (3) all add in an anti fashion. 
3. ВН,, then НО», OH 


2. Label each statement as True (Т) or False (Е). 


PCC oxidizes 1? alcohols to aldehydes. 

CrO; oxidizes 2? alcohols to ketones. 

Treatment of 2-hexyne with Na in NH; forms cis-2-hexene. 

Reduction of propene oxide with ПАЈА forms 1-propanol. 

Ozonolysis of 2-methyl-2-octene forms one ketone and one aldehyde. 

mCPBA is an oxidizing agent that converts alkenes to trans diols. 

1-Octen-5-yne reacts with Н» and Pd-C, but does not react with Н» and Lindlar catalyst. 
Treatment of cyclohexene with OsO, affords an optically inactive product mixture that 
contains two enantiomers. 


о њово св 


3. Label each reagent as an oxidizing agent, reducing agent, or neither. 


a. Оз 

b. LiAIH4 

c. mCPBA 

d. H20, H58O4 
e. PCC 

f Ма, МН; 
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4. Draw the organic products formed in each reaction and indicate stereochemistry when necessary. 


Na 
a ( =) NH3 


он [1]SOCh 
d. Фа [2] LiAIH, 


5. a. Fill in the appropriate starting material (including any needed stereochemistry) in the following 


reaction. 


[1] OsO, 
[2] H2O, NaHSO3 


b. ЕШ in the appropriate reagent in the following reaction. 


HO H 
SCH 
fr < 675 К 
T 
Ce Hs OH 
V в 
©» JH 
OH 


c. What starting material 15 needed for the following reaction? 


[1] Оз 
[2] (СНа)25 


CHO 


enantiomer 
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Answers to Practice Test 


l.a.2 2.а. Т 3.a. oxidizing 4. 5. 
b.4 b.T Б. reducing 
с. 1 с.Е с. oxidizing H 
d.F d. neither — 
е. Т е. oxidizing ‘i H И 
ЕЕ f. reducing 
g. F 
h. F 


= CL + O b. Sharpless reagent 


(+)-DET 


Chapter 12: Answers to Problems 


12.1 Oxidation results in an increase in the number of C-Z bonds (usually C—O bonds) or a 
decrease in the number of C-H bonds. 
Reduction results in a decrease т the number of C-Z bonds (usually C—O bonds) or an 
increase in the number of С-Н bonds. 
D 
on 
сна“ СОСН» 


о О 
| 

oxidation C 

a. Pao а pu C. сну “сн; 


b. CO ———- © reduction d. CH=CH; 


12.2 Hydrogenation is the addition of hydrogen. When alkenes are hydrogenated, they are 


reduced by the addition of H: to the т bond. To draw the alkane product, add a H to each C of 
the double bond. 


oxidation 


CH3CH5CI neither 


1 new С-Н bond 
and 1 new C-CI bond 


CH 
* Е F'PSCH(CHg) СНз CH2CH(CH;3)2 
a. um CH3-C—C—H © mE 
cH; Н ü n 
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12.3 Draw the alkenes that form each alkane when hydrogenated. 
H 
a. ud t or ST or put Баг ebd с. ow o 
or or 
e PL 2 
Pd-C 
Н, ог 


12.4 Cis alkenes аге less stable than trans alkenes, so they have larger heats of hydrogenation. 
Increasing alkyl substitution increases the stability of a С=С, thus decreasing the heat of 


hydrogenation. 
a NY or OMM b. on SE of 
cis alkane trans alkane trisubstituted disubstituted 
less stable less stable 
larger heat of hydrogenation larger heat of hydrogenation 


12.5 Hydrogenation products must be identical to use hydrogenation data to evaluate the relative 
stability of the starting materials. 


pw Б Different products are formed. 


ls EH Hydrogenation data can't 
bri d be used to determine the 
relative stability of the starting 


po an materials. 


3-methyl-1-pentene 


12.6 
new stereogenic center Two enantiomers are formed in equal amounts: 
"ut У оњон, пак сн;Сн» 
\ y = + 
a. C=C CH3—C—CH2CH2CH3, C “С 
P А i ^ N'CH2CH2CHs CH3CH5CH5" v 
н CH;CH;CHs H Сну он зн f TCH; 


b. cH on 
с. Occws 


CH; H 
CH3 T e А 
H "СН 


diastereomers 


TO ccm, " "Dee. 


diastereomers 
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12.7 
Molecular formula Molecular formula Number | Number of 
Compound | 5 Е 
before hydrogenation | after hydrogenation | ofrings л bonds 
A СюН12 СН 3 2 
B СНз C4Hio 0 1 
С СоНз С%Н12 1 2 
12.8 
н, Рас СН2ОСО(СНоиеСНь 
CHOCO(CH;)((CH;/CH;CH;)(CH2,CHs В 
CH;0CO(CH;)4g CH; excess CH2O0CO(CH3)45CH5 
CHOCO(CH;)((CH;/CH-CH)4(CH;),CHs Н рас ÇHzOCO(CHa)16CHo CH;OCO(CH;) CH; 
CH;0CO(CH5)4gCHs —— CHOCO(CH;)CH;CH-CH(CH2);CHs CHOCO(CH2);CH;CH-CH(CH2),CHs 
A 1eqiv CH oCO(CH;) На СН„ОСО(СН,) 6 СНа 
С ог с 
A has 2 double bonds. C has 1 double bond. B has 0 double bonds. 
lowest melting point intermediate melting point 


highest melting point 


12.9 Hydrogenation of HCCCH;CH5;CH; and СНзС=ССН,СН; yields the same compound. The 


heat of hydrogenation is larger for HC=CCH2CH2CH;3 than for CH3C=CCH2CH3 because 
internal alkynes are more stable (lower in energy) than terminal alkynes. 


12.10 
О 


o АН сњењ 
\ x 
CH25- Cz: C- CH2CHs CL „б< CIS-Jasmone 
H2 c H 


CH3 Lindlar catalyst 
A 


(perfume component 
CH isolated from jasmine flowers) 
3 


12.11 In the presence of Pd-C, Н» adds to alkenes and alkynes to form alkanes. In the presence of 
the Lindlar catalyst, only alkynes react with H» to form cis alkenes. 


ORIOL 
Pd-C Q i2 
Jer mA = 
сна — gg по reaction СеНло ~ Lindlar - Веи 
catalyst 


catalyst 
12.12 Use the directions from Answer 12.11. 


а. CH,OCH,CH,C=CCH,CH(CH,),  Pa(exeess) _ 


CH3O0CH5CH5CH5CH5CH5;CH(CH3)2 
Pd-C 
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Н; (1 equiv) CH30CH5CH5 оО 
\ 


b. CH3OCH;CH;CZzCCH;CH(CH3) 


Lindlar catalyst REG 
H H 
CH3O0CH5;CH5 CH3;CH(CH3); 
Н» (excess) X / 
C. CH30CH2CH2C=CCH2CH(CH3)2 C=C 
Lindlar catalyst T4 |" 


CH3OCH;CH; H 
d. CH4OCH;CH,CE CCH;CH(CH3); Na, NH3 eg 
R 

H CH3CH(CH3) 


12.13 
H 
J == = R X / 
5 Lindi S 
H А Eaa H B 


12.14 LiAlH; reduces alkyl halides to alkanes and epoxides to alcohols. 


CH3 CH3 

2 Ее [1] LiAIH, Pea: E (fo [1] ЦАНА On 
| [2] H20 | н но H 
H 


H replaces CI. 


12.15 To draw the product, add ап О atom across the x bond of the С=С. 


mCPBA A 9, 
a. (снус=сн, A.  (CH45C— CH; c. (југо пева, ( У 


О 
£N 
b. (CH3)gC=C(CHg)p —MCPBA — (cH, C — (СН 


12.16 For epoxidation reactions: 
e There are two possible products: О adds from above and below the double bond. 
e Substituents on the C=C retain their original configuration in the products. 


"e / О, CH3, H 
m Даа cH, P Ou + Hacc. cH enantiomers 
a "4 N 3 4 Y H x 
н н H 
" CH;CH3 pei mCPBA о CH3CH2, CHCH 
PS CH;CH2 f A CHCH; + esp pem 
H H Р " 
identical | 


o 


CH3 CH3 СНз 
CY mCPBA ec + o enantiomers 
H “H 
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12.17 Treatment of an alkene with a peroxyacid followed by ЊО, HO adds two hydroxy groups in 
an anti fashion. cis-2-Butene and trans-2-butene yield different products of dihydroxylation. 
cis-2-Butene gives a mixture of two enantiomers and frans-2-butene gives a meso compound. 
The reaction is stereospecific because two stereoisomeric starting materials give different 
products that are also stereoisomers of each other. 


HO СНз CH OH 
СНз, с-"СНз — [1] RCO3H \ AH Hue F 
H H um 2 
2] H0, НО- | СНУ N 
[2] H20, 8 oH d усн 


cis-2-butene 


HO H CH OH 
1] RCO3H = 3 
СНз c cH 01] 3 = aos ae НА, РА 
м ену и K% 
H CH - сн“ / H 
з но, нот Chi oH "AA 
trans-2-butene identical 


meso compound 


12.18 Treatment of an alkene with OsO, adds two hydroxy groups in a syn fashion. cis-2-Butene 
and trans-2-butene yield different stereoisomers in this dihydroxylation, so the reaction is 


stereospecific. 
HO OH CH3 CH, 
СНз, сс." 0Hs [1] OsO, о Хе Heo. сен 
KU УНИ а ди < 
H H [2] NaHSO,, НО сн \ сн. ue Wu 
. identical 
cis-2-butene meso compound 
[1] 0$04 HO OH CH; HoH 
СНз c cH N A Hm wos 
~ [2] NaHSO3, H2O СС, + C—C 
H CH3 CH; 4 үн / x 
trans-2-butene д Chs ма ae 


enantiomers 


12.19 To draw the oxidative cleavage products: 
e Locate all the x bonds in the molecule. 
e Replace all C=C’s with two C=O’s. 


Replace this x bond with two C=O's. 


[1] Оз 
One ketone and 
== = + = 
а. (CH3);C-$-CHCH;CH;CH;CH; AT. (CH3),C=0 O-CHCH,CH,CH,CH, опе aldehyde 
ketone aldehyde are formed. 

о | 
р. р н p Ы is ај Two aldehydes are formed. 

[2] Zn, НО i 4 


[1] 03 
с. e^ o A dicarbonyl compound is formed. 
[2] Zn, НО о 


H 
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12.20 To find the alkene that yields the oxidative cleavage products: 
e Find the two carbonyl groups in the products. 
e Join the two carbonyl carbons together with a double bond. This 1$ the double bond that 
was broken during ozonolysis. 


CH3 CH; Сн 
а. (Снус=о +(сњењус=о ===> (CHj&C—C(CH;CHs) с C=O only ===> с=с 


/ \ 
CH, \ CH; CH, 
With only one product, 


the alkene must be symmetrical 
around the double bond. Join 


M HORS this C to the same C in another 
b. | + CHCHO | ===> identical molecule. 


Join these two C's. 


Join these two C's. 


12.21 
© 5 о о O 
по 1] 0 
„у ној „быш А, 
[J]CHSSCH / у 5d [2] CH,SCH, d 
C» [1105 o ве оа 
> [2] CH3SCH3 ie SN pP 
12.22 To draw the products of oxidative cleavage of alkynes: 
• Locate the triple bond. 
e For internal alkynes, convert the sp hybridized C to COOH. 
e For terminal alkynes, the sp hybridized С-Н becomes СО». 
[1] Оз i ? 
a. CH3CH5;—- Cz C - CH;CH;CHs „С + 2С. 
[2] H2O CHCH“ “он НО“ ^CH;CH;CHs 
internal alkyne 
[1] 0 т 0 
- Е С + C 
4 | (2) 40 Cy OH HO oO 
internal alkyne | . 
identical compounds 
terminal alkyne internal alkyne 
110 q 0 
с. Н-С=С-СН,-СН-С=С-СН; Шз. СО; + HO c * C 
[2] H20 “С ^он HOH 
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12.23 
а. CO, + CH3(CH2)gCOH b.  CH4CH;CH(CH3)CO;H C. CH3CH,COH, HO;CCH;CO;H, CH4CO;H 


| | | 


CH3CH,CH-C=C—CHCH,CH ~C=C-—CH,-C=C- 
CH34(CH5)g- CECH 3 2* i 2 3 CH34CH5 C=C CH2 с=с CH3 


CH CH = 
3 3 d.  HO2C(CH2)14CO2H ae 


12.24 For the oxidation of alcohols, remember: 
• 1° Alcohols are oxidized to aldehydes with PCC. 
e 1° Alcohols are oxidized to carboxylic acids with oxidizing agents like CrO3 or Na2Cr207. 
e 2° Alcohols are oxidized to ketones with all Ст“ reagents. 


он РСС H OH mn 
LOGOS == 
а. ibd d C. 'H5S0,, HzO 


О 


OH 


OH О 


12.25 Upon treatment with HCrO4 —Amberlyst A-26 resin: 
e 1° Alcohols are oxidized to aldehydes. 
e 2° Alcohols are oxidized to ketones. 


H 
OH » О - 
D T “re C c. бо 4 HCrO4 о 
Amberlyst A-26 resin H OH Amberlyst A-26 resin О 
HCrO47 
b. HO OH A -0 о 
Amberlyst A-26 resin 
12.26 


The by-products of the reaction with sodium 
hypochlorite are water and table salt (NaCl), as 

a. PW Масс! pu + NaCl + HO opposed to the by-products with HCrO, — 
Amberlyst A-26 resin, which contain 
carcinogenic Ст“ metal. 


b. Oxidation with NaOCl has at least two advantages over oxidation with CrOs, H2SO4 and 
H20. Since no Cr“ is used as oxidant, there are no Cr by-products that must be disposed of. 
Also, CrO; oxidation is carried out in corrosive inorganic acids (H2504) and oxidation with 
NaOCl avoids this. 
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12.27 To draw the products of a Sharpless epoxidation: 
e With the C=C horizontal, draw the allylic alcohol with the OH on the top right of the 


alkene. 
e Add the new oxygen above the plane if (—)-DET is used and below the plane if (+)-DET 
is used. 
| ИОН (снус—оон e eo 
a. TIIOCH(CHa) — HY, 
(+)-DET 


(+)-DET adds O 
below the plane. 


OH но —OH 
| Ti[OCH(CH3)g] 
(-)-DET 


(–)-РЕТ adds О 
above the plane. 


12.28 Sharpless epoxidation needs an allylic alcohol as the starting material. Alkenes with no 
allylic OH group will not undergo reaction with the Sharpless reagent. 


This alkene is part of an allylic alcohol 
and will be epoxidized. 


geraniol — 


This alkene is not part of an 
allylic alcohol and will not be epoxidized. 


OH н, он 
Pd-C E 
OH o LO 
mCPBA DA : OK 
OH OH 


12.29 


9 


OH 


a O =. Гу 
А 
OH CrO3 
d. [WY (У соон 
А H5SO, 


но 
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e. OH  Sharpless reagent 5 
+)-DET 
A (4) OH 
12.30 
(у we Canad 
CH а 
= * [2] сњааснња i et ©: w 
12.31 
[1] NaH 1] NaH 
HC=C CH3CH,C=CH = Ne OS сш. 
[2] СНАСН;Вг VAN Е ili 
[3] H20 


12.32 Use the rules from Answer 12.1. 


OH 
а: C=CH E CH2CH3 reduction С: (о =: Cy reduction 


b. CH 3CH,Br 


CH=CH; neither d. HO и N OH = Ве; О oxidation 


1 C-H and 1 C-Br 
bond are removed. 


12.33 Use the principles from Answer 12.2 and draw the products of syn addition of H; from above 
and below the С=С. 


аа АМАМ 


CH; CH3 “СНз 
H2 
pi LY Pd-C XJ + JO 
сна сна сна 
CHCH; СЊСНа „CHCH; 
: * 
CH3 Pd-C CHa "сна 


CH3CH5 H 
2 


d. ‘C=CH 
? ' Pd-C 


E 
(СНасн“ Hosen (CH) CH Сон 
(CH3),CH 8 H 3 


12.34 Increasing alkyl substitution increases alkene stability, thus decreasing the heat of 


hydrogenation. 
27 
Su. 
2-methyl-2-butene 2-methyl-1-butene 3-methyl-1-butene 
trisubstituted disubstituted monosubstituted 


smallest AH? = —112 kJ/mol intermediate AH? = —119 kJ/mol largest AH? = —127 kJ/mol 
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12.35 
A possible structure: 
a. Compound A: molecular formula С5На: hydrogenated to С-Нло. 
2 degrees of unsaturation, 1 is hydrogenated. 
1 ring and 1 x bond > 
b. Compound B: molecular formula C495H46: hydrogenated to СлоНав. 
3 degrees of unsaturation, 1 is hydrogenated. 
2 rings and 1 x bond - 
c. Compound C: molecular formula CgHg: hydrogenated to СаНав. 
5 degrees of unsaturation, 4 are hydrogenated. 
1 ring and 4 x bonds - 
12.36 
сү a. monosubstituted с. о 9 
largest heat of hydrogenation 3 Hoe АЕ 
b. fastest reaction rate [2] Zn, HO нон 
А ms О 
P a. tetrasubstituted с. [1] Оз 
smallest heat of hydrogenation О P 
b. slowest reaction rate [2] Zn, H2O dio d +o 
B identical 
с. 
a. trisubstituted [1] 05 О 
< intermediate heat of hydrogenation ДА 
b. intermediate reaction гаје [2] Zn, НО o + H 
c 
12.37 
[9] [9] 
=: 27 2 OH Н» (ехсеѕѕ) OH 
EN E Pd-C 
stearidonic acid stearic acid 
[9] [9] 
b. Н; (1 equiv) 2 он + 2 он + 
Pd-C Su ES Su. EN 
[9] о 
= = он + 22 “a OH 
ES EN 
О 
" | 2 OH 
9 


trans 
one possibility 
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о [9] 
d. 2 a OH “ 2 OH 
EN 5 ENG 
stearidonic acid product in (b) product in (c) 
4 cis C=C's 3 cis C=C's 2 cis and one trans C=C's 


[1] НАНА . 
no reaction 


Q | 
Pd-C 


[2] H20 


[1] О 
| КА, 


[2] CH3SCH3 


H2 
no reaction i. 


Lindlar d 


no reaction 


(CH3)3;COOH 


“a _ СНАСОЗН_ C$ THOCH(CHs)a 
о ()-DET 

ч O [1] CH3CO3H ^ a „Он mCPBA C 

/ Т k. о 


D OD 


no reaction 


о. 


[2] Н2О, HO- 
Hanti addition’ 


[1] OsO, + NMO OH | CN [1] ЦАЈНА OH 
[2] NaHSO;, H7O syn addition ` [2] HO а 


OH 


Q 


KMnO, OH 
syn addition 
H20, HO- 


OH 


12.39 


а. CH3CHCH}—-C=C—CH;CH2CH3 


Ho (excess) 


| т 


Pd-C 
CH3CH;CHs CH,CH,CH3 


н, 
р. CH3CH;CH;- C2 C- CH;CH;CH; ped cis alkene 


Н а k 
Lindlar catalyst H H 
Na нң CH;CH;CHs 
с. CH3CH2CH2—C=C—CH2CH2CH3 с= с trans alkene 
М снуснәсн; Н 
по О О 
d. СЊСЊСН-СЕс—СНСНЊСНа [1105 n " N 
[2] H2O CH3CH,CH,~ `OH CH3CH,CH,~ `OH 
identical 
12.40 
CHCH; H он Cris 
CH3CH5 H H2 Ina. C + С 
ae ae = H C c СНОН CH,CH,~ NS CH4CH;0H HOCH;CH2' 7 “сн,снз 
1 CH, H " 


/ N 
СНз CH20H [* = new stereogenic center] Two enantiomers are formed. 
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(СНујзсоон CH CHOH 
p, СНОН mepBa О в СНз ссу "СНОН сво а 
= — у | fo | sch 7 
pee CH3CH; H сњсн; H Ti[OCH(CHs)g]. © 
CH; CHOH CH, СЊОН (*-DET 
CH3)3COOH О 
+ | CH, c c “ОЊОН (CH3)s A 
CH;CH2,, aH | CH,CH “үн TI[OCH(CH3)jl4 СН; y CHOH 
CH3 747 CH;0H (-)-DET CH3CH; 
o 
CH,CH, Н [1] PBrs uc D 
c. CH&CH H o ade сЕ 
ој ur PCC CHCH; H 9. с=с BUM 
| cS eod CH,  CH,OH CH; CHBr 
CH CHOH ETA | 
е : CH, | CHO [2] ЦАЈН, 
[3] H20 
d. CHCH, Н CrO3 CH3CH> H CH3CH; P 
= ~ / 
= б; H5S04, ЊО С=с, с=с 
СНз СНОН CH, соон CH, Сн; 
A CH,CH; н HCrO,- СИНЕ 
ETS Amberlyst A-26 E 
CH, CHOH CH, CHO 
12.41 
OH О 
5 РСС OH CrO3 OH 
с. H3SO4, НО 
О 
0 
b. PCC C. 
CH3CH;CH;CH;OH CH,CH,CH;^ ^H 
12.42 


[1] 080, ta 

[2] NaHSO3, НО CH,OH 

[1] mCPBA 9 [2] LiAIH, 
[3] H20 


eee Е а у= 


Lindlar 
catalyst 


а. Он [1] 2086 сі [2] LiAIH, 
ругіаіпе [3] H20 
eu OH 
5 CH3 
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12.43 
a. Hy, Pd-C 
Q __Б. mCPBA _ CN - [1] LiAIH, X c f. РВгз h. ЉИЦАН, _ AO 
o [2] H20 or HBr (у EOD 
c. KMnO, г [1] OsO4 CrO Стол“ 
_ . H0 COH g. СгОз, or РСС or HCrOy;, 
H,O, HO " [р] манѕоз, HO le. ЊО (COH) н,502 њо Ambers 
ca ^ OH ‘ о А-26 resin 
он "OH 


(* enantiomer) 


12.44 LiAIH, attacks at the less substituted end of an unsymmetrical epoxide to form an alcohol 
with an OH on the more substituted carbon. 


2-methyl-2-pentanol Hydride attacks here. 


12.45 The two sides of the C=C of A are different. Since D2 adds only from above, this must mean 
that this side is less sterically hindered. Other reagents will also add from the same side. 


e» meres 23 
a. 

Br H 
uh нон“ BOH 
A OH H 

| | 


з | | base 
Since the OH of the bromohydrin 


is down, the resulting epoxide 
must also be down. 


о 


12.46 Alkenes treated with [1] OsO, followed by МаН 503 іп H20 will undergo syn addition, 
whereas alkenes treated with [2] CH3CO3H followed by OH in H20 will undergo anti 


addition. 
OH 
ү (CHoCH,  CH(CHa)2 rm oso, но | 
a, Й] С=с, — C—C, 
H H [2] NaHSO3, H2O (СНз) CH 7 V ICH(CH3)? 
H 
CH,),CH H но Н М9 2d 
[2] í 3)2CH | [1] СНАСОЗН X 20СНІСНз) rotate x / 
с=с, = „C—C EE C—O, 
H CH(CH3)2 [2] OH, H20 (CH3)2CH 4 N (CH3)2CH 4 V CH(CH3)2 
anti addition H OH H 
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CoH H HO OH HO H 
b. [1] Tu [1] 080, are rotate \ os 
Ogee [2] NaHSO3,H,O оңу V" Ce Hs Hed | + enantiomer 
syn addition СёН5 H Сене 
HO H 
[2] n M s [1] СНАСОЗН РД 
T = ü [2] “OH, НО gu sS enantiomer 
CgHs OH 
OH 
(о Пеј Који H 
HO OH 3CH2CH2 
-— E Б [1] 050, ИУ. T" 
H Wu [2] NaHSO3, H2O CHsCH2CH3 4 VICH;CH;CHs H CH,CH;CHs 
syn addition он 
он 
CH3CH,CH, H 
CH4CH;CH 
рај Н С Ж [1] СНАСОЗН 
= E H CH;CH;CH 
Н CH,cHcH, [21 “OH, НО м. 
он 
12.47 
1 А B Он 
:О: Који 
АЕ Rn. > 
Ce 
+ АН: + Ш 
D- (from LiAID4) opens the epoxide ring from the back 
side, so it is oriented on a wedge in the final product. 
12.48 
Cl PT. 
A Hoan = 
[1] < [2] :0: :OH 
„О 9 р — A 
с E r Br Br 
rs . 
mCPBA OZ... H x ОН я 
= зон 
С | 7 + a 
22“ “ву ài Na H: [3] 
:ÓH 
+ - /A 
:0: :0 
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12.49 Use the directions from Answer 12.19. 


a. (CH,cH;,C—cHcH,cH, 193, (CH3CH99C—O + O=CHCH,CH3 
[2] CH3SCH3 
b [1103 Нз 
: = — о + 0=6 
[2] Zn, H2O CH, 
| 
no es 
5 (Розен кш ш NE OH + со; 
[2] H20 
i T 
[1] Оз 
d. ( С=с - sc do^ 
[2] H20 * 
identical 


12.50 
.(CHj,C—O and CH,-O === (CH,),C=CH, c. CH&CH;CH;CHO only === — CH;CH;CH;CH- CHCH;CH;CH; 


Join this C to the same C 
in another identical molecule. 
O and d. 
О о 
TS and 2 equivalents of | == ДК 


Join both of these C's 
to a C from formaldehyde. formaldehyde C 


12.51 Use the directions from Answer 12.20. 


а “| two C's. 


[1] Шо: 
а. СлоНав 
| ТО] CH,SCH; 


2 degrees of unsaturation 


Hos __ 
| [2] [2] CHjSCH,.- 


3d f turati 
egrees of unsaturation T€ и. denBobond 


one ae + one л bond 


12.52 
Join these two C's. Join these two C's. 


| 
COOH СЕССНЗ 
а. CH,CH;CH;CH;COOH and CO, === CHsCH,CH,CH,C=CH © CY and CHCOOH == 


Join these two C's. 


b. CH3CH,COOH and CH3CH;CH;COOH ===> CH4CH;C E CCH;CH;CHs 
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squalene 
2 equiv 4 equiv 1 equiv 
(from portion A) (from portion B) (from portion C) 
COOH 
b. H 
linolenic acid c. [1] Оз О И e P 
[1] Оз [2] Zn, HzO HAS О sA 
[2] Zn, НО но | 
H 
H zingiberene 9 
H О о 
J * * gn OH 
H О 
2 equiv 
12.54 
О 
1] О 
д. A (103 T 
[2] CH3SCH H 
СвН12 
b. pu Н, (excess) "a p [1] мамн; do 
Pd-C [2] СНУ СН» С 
СеНю B 
12.55 
Ha po у The hydrogenation reaction tells you that both 
СлоНав 


Pd-C 
3 degrees of unsaturation 


2,6-dimethyloctane 


О 


охїтепе and myrcene have 3 л bonds (and no rings). 
Use this carbon backbone and add in the 
double bonds based on the oxidative cleavage products. 


I 
Oximene: (сњус=о CH;-O CH4CHOj сна Сосно 0 м2 К 


Мугсепе:  (CH45;C—O  CH;-O 


(2 equiv) 
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12.56 
OH 
+ 
Pd-C 
decalin 
C10H180 C49H46 C49H46 
A B С 


ozonolysis | 
о 


О 
E ле Стон 


12.57 Since hydrogenation of DHA forms CH3(CH2)59COOH, DHA is а 22-carbon fatty acid. The 
ozonolysis products show where the double bonds are located. 


COH 
DHA 


A B B B B B С 


[1] Оз 
[2] Zn, НО 


CH4CH;CHO + OHCCH,CHO + | OHCCH;CH;CO;H 
(from portion A) 5 equiv (from portion C) 
(from portion B) 


12.58 The stereogenic center (labeled with *) in both structures can be R or S. 


= 


о H 
о 9 ozonolysis He 
H H + me > or — Pd-C 
о 


на о а possible structures for 


dictyopterene D' 


н O .—0OH 
__ге-агам _ (CH3)3COOH aa 
ш СНз), 
DES 


CHOH 
b. н, .CH;OH — (CH44COOH (CH; TA PH 
„°= oM | у T 
(СНз)зС Ti[OC(CH3)a]4 О 
(+)-ОЕТ 


butylcyclopheptane 


12.59 
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12.60 
^u 
‚ re-draw á 
| b ^ enantiomeric excess = 
if йол у а + „ОН о one enantiomer — % second enantiomer 
(-)-DET ee = 87% — 13% = 74% 
major product minor product 
87% 13% 
12.61 
Replace this O Replace this O 
i make an alkene. o^ 9 make an alkene. H 
с. ES 
А J^N 
IUS -DET но MT БЕТ” БЕТ H СН>ОН 
HOCH, , CH; HOCH; 
g: Cx = A 
CH CH 
У ° — (-}DET сн CH; 
ac Replace this O 
to make an alkene. 
12.62 Use retrosynthetic analysis to devise a synthesis of each hydrocarbon from acetylene. 
a. CH3CH2CH=CH, === CH3CH,CH=CH  ————5 ~C=CH HC=CH 
Мн _ CH3CH,Cl H2 
HC=CH = ~C=CH 3727. CH&CH;CECH > CHa3CH;CH- CH; 
Lindlar catalyst 
CH3 CH3 
Not d = 
b. ле: > CH4-CSC- CH, > CH3-C=CH > СЕСН HC=CH 
H н 
CH; сн, 
нс=сн - МН - сн СНО, сн,-с=сн Naa. сн. cag СН, сн,-с=с-сн, № tg 
Lindar ,/ \ 
catalyst H H 
CH3 H 
\ (А ES 
c. fe > СНз-С=С-СНз > CH3-C=CH > СЕСН HC=CH 
H СНз 
СНз H 
= = CH,Cl H _ CH3Cl ы Ма 7; 
НСЕСН - C-CH > CH3-C=CH > CH3-C=C = CHs-C=C—CHy а= rn 
3 
H СНз 
а. (CH32;CHCH;CH;CH?CH;CH(CHa); = _HC=CCH,CH(CH3), > CZECH НСЕСН 
H 
N а! ман - С! 2 
нс=сн "2, -с=сн a с=с A E CS 


(2 equiv) x 
Pd-C 


346 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 12—24 


12.63 
N’NN N N Acı 
нс=сн AH. Loose = 
о аб. 7 
[Net 
Bae 
ос о ТУС 
а 
Lindlar catalyst 
12.64 
Br 
\_/ в oe -NH3 ЕЕ Na 
2 equi m NH 
cis Br (2 equiv) 3 trans 
12.65 
CH3 CH3 
a. /N \ _ _ _ 
CHa Ссн => С=с == СН.-СЕС-СН, === HCEC-CH, === НСЕСН 
H H H H 
CH3CI E CH3CI 
нс=сн DMH . дарье S. ңс=с—-сн; > еа она 09 5. au -650-0% 
H2 
Lindlar catalyst 
CH3 CH; 
РАТ mCPBA 4 
СН” “NCH 
H H H H 
/N 
b. ena es Но в _ _ Е 
d se с=с > СНз-СЕС-СН: === НСЕС-СН. === НСЕСН 
3 : СНз H 
(+ enantiomer) 
H сн 9 
Na, NH, ‘\. 7/743 mCPBA ÁN . 
CH3—C=C—CH > C=C > C—C, + enantiomer 
3 3 A 4 ну {СНз 
(from a.) CH3 H CH3 H 
HO OH 
N > uM _ = Е 
с. JUR => С=О ==» СНз-С=С-СНз === НСЕС-СН. === НСЕСН 
H` “H 
CH3 CH; ME 
HO OH 
Fh d КМО, у 
С=с, Fe FR 
НО, НО- H` H 
Cha. Ону <2 CH; CH; 
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HO OH 
dB. x w H сњ 
ye С, — | С=С = CH3 C=C CH3 ==> НС=С CH3 HC=CH 
H'4 у “СНз / \ » 
CH3 H CH, H 
(+ enantiomer) 
H сна КМпО4 ш н | 
pet ~ СС, (+ enantiomer) 
CH, H H,0,HO- H'/ У сн; 
(from b.) СНз 
12.66 
Е [1] Bh; z PCC = 
а. CeHsCH=CH е.  CeHsCH-CH2OH Сен5СН»-сно 
[2] H20, OH 
но is о 
CgHsCH=CH 2 C.H.CH- CH PCC E 
b. CeHs 2 HS0, 6715 3 ene uon. 
1] BH CrO 
с. CeHsCH=CH3 EIS > Сен СНн;—СНрон ы CgH&CH; - COOH 
[2] H20, “OH Н,804, НО 
HC=CH 
о NaH 
mCPBA /\ И]-с=сн HỌ 
d. CeHsCH=CH} „бо бон =. CeHsCH-CHC=CH 
©Н l у [2] њо 
H H 
12.67 
Е Вг 
HO CHO [e CHO 
ТУ Ман Ly Bro ~~ Br 7 CHO 
CH30 CH4O Ly 
CH30 
CH3CH СНзО- 
Я Боа ај сњо. ~ 
й Я о CHO 
Br РВгз он H2 
Pd-C 
CH, CH,O Bri 
A 
12.68 
Br РУ E 
NaH 
PASS Br PP 2 мамн; "v d "wv 4 


1-pentene 


Pape a IM "Pw | 


(2E)-2-hexene NH3 
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12.69 
1] 9-BBN or BH СтОз 
a. CH3CH,CH=CH> u —À — CH4CH;CH;CH;0H CH3CH,CH,COOH 
[2] H202, HO Н,804, НО 
РОС! с О [I] LiAIH но 
ГА 
b. сњењењењон ———2~ CH3CH,CH=CH, ™ PBA icH.cH.cH-cH, —— —^ снусн„сн—сн» 
pyridine [2] Но 
| H20, H2SO4 vA CrO 
H5S04, Но 
| 
о 
E о OH О 
OO током по. 
| кан C=CH C=CH C=CH 
HC=CH 
= mCPBA 
d. сесн M. с=с” CHCl c=c-cH, №. | f ^ SE 
NH3 
(+ enantiomer) 
12.70 
EN CH3CH3Br _ 
a. нс=сн — NM, ңс=с $2 -  HCSC-CH;CH Nan C=C—CH,CH3 
[A 
ak HO—CH,CH,—C=C—CH,CH "eO о-снсњ сес снн 
= М Lindlar catalyst ава mE zu н 
OH 
b. “= / b ион PBrs POP а“ 
E NH3 Ј 
(from a.) 
SEES МНз 
(from a.) 


12.71 Determine which 2 C's can come from НСЕСН and two alkyl halides that are unhindered 
(1? or CH3X). 


СН = Pm 
C.H; ж==» 615 — — | HC=CH + Сенг X + x A 


1-phenyl-5-methylhexane 


In synthetic direction: "m 
NaH = Br NaH 


HC —CH > HC=C ~ HH = 


+ H2 


"UT 3 
Сен 
СНЕ Pd-C ud EE 
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Oxidation and Reduction 12—27 


OX — 07 


[1] ЦАЈН, 
[2] H20 


[ < H2SO4 
OH 


H2, Pd-C 


Q 


major 
product 
12.73 
_ _ “в Ман - 7B = 
HC=CH = -СЕСН = CH4CH;-C-CH CH3CH,—C=C E ON 
| Na, NH3 
H 
Che PERS DP m 
VCI anti 
H addition 
(3R,4S)-3,4-dichlorohexane 
12.74 
РВгз K* "OC(CH3) Br» B 2 мамн; 
а. о ов = снњ=сњ - И ов HC=CH 
NaH ов - Св 
HC=CH = ~C=CH > CH3CH2—C=CH CH3CH2—-C=C ZTN 
| Na, NH3 
ASAA AA 
d — H2 mCPBA P 
ЕС `` Lindlar catalyst = н, ч 
(from а.) 
HO H 
| [1] 0804 үз енн» 
i `—/ [2] Ман8Оз, HO a ayy m 
(from b.) онем А 
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12.75 


H—OCH;CHs + :OCH;CH; 
А М H 
(em — Qm 
) E ) 
Li» + Li Li- 


30CH;CH, + (осн, 


Н 
+ 
OCH; + Li 


dao 


H—-OCH;CHs 
V 


12.76 


The favored conformation 
for both molecules places 
the tert-butyl group equatorial. 


OH H 
нию он Е "A m " еныю—( он 
А B 


This OH is axial and This OH is equatorial B 
will react faster because and will react more slowly 
the OH group is more because the OH group 
hindered. is less hindered. 
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12.77 


12.78 
Муху ме Ур 

а. "дом bond 

X O comes in from below. 

OH "up" bonda ы о 
„ NA а. M pu № Мусу" мэн. У ~] 
Br* comes in Кот below. | 
X 


H20 attacks from the back side at the more substituted 
C. This places the OH group axial, on an "up" bond. 


12.79 The two OH's are added to opposite faces of the С=С, so anti addition occurs. 


CH, ОН 
H505 \S UH 
> TP sr 
Hen HO CH3 
trans-2-butene 
meso 
H [он] но] H 
H-O Ho] © БИШ НА = OH 
5 а A |- d + < 
HCO>H R 55 
2 СНз CH3 CH3 CH3 


cis-2-butene . 
two enantiomers 
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12.80 
= H—OSO3H E 
:OH и Сон, 
+ 
се = 
+ HSO,- 
— =: + 
‘OH 390 ud» 
x H^*H 
+ H,SO, в 
О HSO,- 
Ст СК 
22 ~ " 
o^ "o uS 
[9] 
29 oti = 
осо. "proton | хе: о = r, 
[9] Cr—O transfer о ЈЕ он O^ “он 
H 
12.81 
Sharpless 
о epoxidation 
ON ZA. он (+)-DET A "5 
X 
a* тон 
ps inversion here ы, | 
О О 
о lo о Г 
backside 7 
attack 0) 
О: 
C Sharpless epoxidation 
H—OH deteremines the stereochemistry 
юн Ур ~ О bond. 
\NaOH £C OX р 
:0: H—OH PM :OH 
ж; m КА оњ 
он Z 
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Chapter 13 Mass Spectrometry and Infrared Spectroscopy 
Chapter Review 


Mass spectrometry (MS) 

e Mass spectrometry measures the molecular weight of a compound (13.14). 

e The mass of the molecular ion (M) = the molecular weight of a compound. Except for isotope 
peaks at М + 1 and M + 2, the molecular ion has the highest mass in а mass spectrum (13.1А). 

e The base peak is the tallest peak in a mass spectrum (13.1A). 

e Acompound with an odd number of N atoms gives an odd molecular ion. A compound with an 
even number of N atoms (including zero) gives an even molecular ion (13.1B). 

e Organic chlorides show two peaks for the molecular ion (M and M + 2) in a 3:1 ratio (13.2). 

e Organic bromides show two peaks for the molecular ion (M and M + 2) ina 1:1 ratio (13.2). 

e The fragmentation of radical cations formed in a mass spectrometer gives lower molecular 
weight fragments, often characteristic of a functional group (13.3). 

e High-resolution mass spectrometry gives the molecular formula of a compound (13.4A). 


Electromagnetic radiation 

e The wavelength and frequency of electromagnetic radiation are inversely related by the 
following equations: А, = c/v or v = c/À (13.5). 

e Тһе energy of a photon is proportional to its frequency; the higher the frequency the higher the 
energy: E = hv (13.5). 


Infrared spectroscopy (IR, 13.6 and 13.7) 
e Infrared spectroscopy identifies functional groups. 
e IR absorptions are reported in wavenumbers: 


wavenumber = V = 1/A | 


e The functional group region from 4000—1500 cm" is the most useful region of an IR spectrum. 

e С-Н, O-H, and М-Н bonds absorb at high frequency, > 2500 сит". 

• As bond strength increases, the wavenumber of an absorption increases; thus triple bonds absorb 
at higher wavenumber than double bonds. 


C=C C=C 
-1650cm ~2250 ст“! 
ee 


Increasing bond strength 
Increasing ў 


e The higher the percent s-character, the stronger the bond, and the higher the wavenumber of an 
IR absorption. 


| / 
с-н =<6 =C-H 
| H 
Csp?—H Csp?—H СН 
25% s-character 33% s-character 50% s-character 
3000-2850 стг! 3150-3000 стг! 3300 cm 


— ———————Ám— E€—  Ó— senio 
Increasing percent s-character 
Increasing ў 
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Practice Test on Chapter Review 


1. a. Which compound has a molecular ion at 112 and a peak at 1720 cm” in its IR spectrum? 


о [e О 
1. CI 2. mas 3. AMS 
4. Compounds (1) and (2) both fit these criteria. 
5. Compounds (1), (2), and (3) all fit these criteria. 


b. Which of the following compounds has peaks at 3300, 3000, and 2250 cm” in its IR spectrum? 


4. Compounds (1) and (2) have these peaks in their IR spectra. 
5. Compounds (1), (2), and (3) all contain these peaks in their IR spectra. 


c. What is the base peak in a mass spectrum? 

the peak due to the radical cation formed when a molecule loses an electron 
the tallest peak in the mass spectrum 

the peak due to the fragment with the largest m/z ratio 

Both (1) and (2) describe the base peak. 

Statements (1), (2), and (3) describe the base peak. 


Ur eur 


d. Which compounds are possible structures for a molecule that has a molecular ion at 150 in its 
mass spectrum? 


О 
У О 
ore X uuo 
сно 


осн 
4. Both (1) and (2) are possible structures. 3 


5. Compounds (1), (2), and (3) are all possible structures. 


e. Which compounds exhibit prominent M +2 peaks in their mass spectra? 
Br 
1. Cy a alee g e SE 
CI 


4. Both (1) and (2) show M + 2 peaks. 
5. Compounds (1), (2), and (3) all show M + 2 peaks. 
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2. Answer each question with the number that corresponds to one of the following regions of an IR 
spectrum. 


1. 4000—2500 cm” 
2. 2500-2000 cm! 
3. 2000-1500 cm! 
4. < 1500 cm! 


This region is called the fingerprint region of an IR spectrum. 

The OH group of 1-ргорапо! absorbs in this region. 

The С=М of CsHsCH2CH=NCHs; absorbs in this region. 

An unsymmetrical C=C absorbs in this region. 

An sp hybridized С-Н bond absorbs in this region. 

Ethyl benzoate (CeHsCO2CH2CHs) absorbs in all regions of the IR except this one. 


њоро с» 


3. Answer True (T) or False (F). 

IR spectroscopy is useful for determining the molecular weight of a compound. 

А С-Н bond that absorbs at 3140 cm” is stronger than а C-H bond that absorbs at 2950 cm”. 
A compound with a molecular ion at 109 contains a N atom. 

A compound with a base peak at 57 must contain a N atom. 

2-Butyne shows ап IR absorption at 2250 ст“. 

1-Propanol shows ап IR absorption at 3200-3600 сит". 

An ether shows по IR absorptions at 3200—3600 or 1700 ста". 

In its mass spectrum, a compound that has a molecular ion with two peaks of approximately 
equal intensity at 124 and 126 contains chlorine. 


о me nose 


Answers to Practice Test 


l.a. 4 2.а. 4 3.a. Е e.F 
b.1 b.1 b.T fT 
c.2 с. 3 с.Т g.T 
d. 4 d. 2 d.F h.F 
e.4 e.l 

f. 2 
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Answers to Problems 


13.1 The molecular ion formed from each compound is equal to its molecular weight. 


a. СзНвО b. C10H20 C. СзНзО> d. C40H45N 
molecular weight = 58 molecular weight = 140 molecular weight = 136 molecular weight = 149 
molecular ion (m/z) = 58 molecular ion (m/z) = 140 molecular ion (m/z) = 136 molecular ion (m/z) = 149 


13.2 Some possible formulas for each molecular ion: 
a. Molecular ion at 72: СН, С4НзО, C3H405 
b. Molecular ion at 100: СаНа, C7H16, СеН 20, CsHgO2 
c. Molecular ion at 73: САН №, C2H7N3 


13.3 То calculate the molecular ions you would expect for compounds with Cl, calculate the 
molecular weight using each of the two most common isotopes of Cl (??С1 and *’Cl). 


a. САНС! = 92 с. C4H,4N = 73 
САНС = 94 One peak at m/z 73 
Two peaks in 3:1 ratio at m/z 92 and 94 


b. C3H7F = 62 d. C4H4N5 = 80 
One peak at m/z 62 One peak at m/z 80 


13.4 Convert the ball-and-stick model to a skeletal structure and determine the molecular formula. 
Calculate the molecular weight using each of the two common isotopes for Br ("Br and "'Br). 


Вг — C;H4 Br = 162 
CgH,1°'Br = 164 
Two peaks in a 1:1 ratio at m/z 162 and 164 


СН; Вг 


13.5 After calculating the mass of the molecular ion, draw the structure and determine which C—C 
bond is broken to form fragments of the appropriate mass-to-charge ratio. 


e 
[1] Cleave bond [1]. H 
pains У. 
=4 
оњ-с—6—0нсњ —] meo 
H H 


" 
= СН e CH +  CH4CHCH;CHs 


m/z = 100 e 


“> B 
> CH, | CHCH; + (СНз)>СН 
H 
m/z = 57 


Cleave bond [1]. 
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13.6 
Break this bond. 
снн Он | : н сњ 
CH,-C—6—6-CHs 9. сњ-с-сњ + :—C6-CHs 
| 
CHH H CH; H H 
m/z = 114 m/z = 57 
This 3? carbocation is more 
stable than others that can 
form, and is therefore the 
most abundant fragment. 
13.7 
8: Cleave bond [1]. qhi 
Де; Нз + +Ç—-CH2-CH3 
js А 
сна C, CH;-CHs | | m/z = 59 
JC 
OH 
1] [2] | 
-CH,CH; + СНа–С + 
Cleave bond [2]. h 
m/z = 45 
b. 
+. 
OH — ЊО y 44 
2 = 
сн, -с-сн,-Сн, (сњеснсњсна) + (CcHscH-CHCH, ) 
ü m/z = 56 m/z = 56 
13.8 
О 
c t А E 
CHCH% eC CHsCH5-C-O O=C 
) (from cleavage of bond [2]) (from cleavage of bond [1]) 
[1] [2] 
b. | CH3CH2CH2CH2CH2;CH2OH 


4 + 
+СН>ОН с. CH3CH;CH;CHO СНзСН»СН»С=О +  HC-O 


13.9 Use the exact mass values given in Table 13.1 to calculate the exact mass of each compound. 


С7Н5МОз 
mass: 151.0270 


CgHgNO» 


mass: 151.0634 mass: 151.1362 
compound X 


C49Hq;N 
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13.10 


СеНв m/z=78  C;Hg m/z = 92 СвНуо m/z = 106 


13.11 


13.12 


13.13 


13.14 


13.15 


13.16 


13.17 


C? {= с) СС-М$ analysis: 
Three peaks in the gas chromatogram. 


Order of peaks: benzene, toluene, p-xylene, 

in order of increasing bp. 

Molecular ions observed in the three mass spectra: 
78, 92, 106. 


benzene toluene p-xylene 


Wavelength and frequency are inversely proportional. The higher frequency light will 
have a shorter wavelength. 

a. Light having À = I0? nm has a higher v than light with А = 10*nm. 

b. Light having А = 100 nm has a higher v than light with А = 100 um. 

c. Blue light has a higher v than red light. 


The energy of a photon is proportional to its frequency, and inversely proportional to its 
wavelength. 

a. Light having v = 10* Hz is of higher energy than light having v = 10* Hz. 

b. Light having А = 10 nm is of higher energy than light having A = 1000 nm. 

c. Blue light is of higher energy than red light. 


Higher wavenumbers are proportional to higher frequencies and higher energies. 

a. IR light with a wavenumber of 3000 cm is higher in energy than IR light with a 
wavenumber of 1500 стл". 

b. IR light having à = 10 um is higher in energy than IR light having À = 20 um. 


Stronger bonds absorb at a higher wavenumber. Bonds to lighter atoms (H versus D) absorb 
at higher wavenumber. 


a. d NTC NC E or шта b. снн ог ла 
_ Stronger bond lighter atom H 
higher wavenumber higher wavenumber 


Cyclopentane and 1-pentene are both composed of C-C and C-H bonds, but 1-pentene also has 
а C=C bond. This difference will give the IR of 1-рещепе an additional peak at 1650 cm 

(for the С=С). 1-Pentene will also show С-Н absorptions for sp? hybridized С-Н bonds at 
3150-3000 cm”. 


Look at the functional groups in each compound below to explain how each IR is different. 


сну он, CH3OCH- CH; [5—0H 
A B С 
C=O peak at -1700 ст“! С=С peak at 1650 ст“! О-Н peak at 3200-3600 ст“! 
Csp?-H at 3150-3000 стг! 


a. Compound A has peaks at ~3150 (sp? hybridized С-Н), 3000—2850 (sp? hybridized С-Н), 
and 1650 (C=C) cm”. 
b. Compound B has a peak at 3000-2850 (sp? hybridized С-Н) cm”. 
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13.18 АП compounds show an absorption at 3000—2850 cm'! due to the sp? hybridized С-Н bonds. 
Additional peaks in the functional group region for each compound are shown. 


a. BOS d. ( у= 


и A 
no additional peaks С=О bond at ~1700 ст 


О 
b a ye 
Mex 
HO 
О-Н bond at 3600-3200 cm"! O-H at 3600-3200 ст“! 


N-H at 3500-3200 cm! 
Csp?-H at 3150-3000 стт! 
с. PGS C=O at ~1700 стг! 
C=C at 1650 ст“! 


2 z 
Csp'-H at 3150-3000 cm aromatic ring at 1600, 1500 ст“! 


C=C bond at 1650 стг! 


КЮ с: 


Csp?-H at 3150—3000 cm! 
Csp3-H at 3000—2850 ст“! 
C=O at ~1700 ст! 
C=C at 1650 cm"! 
О-Н above 3000 ст“! 
The OH of a COOH is much broader 
than the OH of an alcohol and occurs 
at 3500—2500 ст“! (see Chapter 19). 


13.19 


13.20 Possible structures are (a) СНСООСЊСНз and (с) СНзСН›СООСН:з. Compounds (b) and 
(d) also have an OH group that would give a strong absorption at ~3600—3200 cm'!, which is 
absent in the IR spectrum of X, thus excluding them as possibilities. 


13.21 
a. Hydrocarbon with a molecular ion at m/z = 68 b. Compound with C, H, and О with a molecular 
IR absorptions at 3310 cm = Csp-H bond топ at m/z = 60 
3000—2850 cm = Csp'-H bonds IR absorptions at 3600—3200 cm~ = O-H bond 
2120 сит"! = C=C bond 3000—2850 cnr! = Csp*-H bonds 
Molecular formula: C5Hg Molecular formula: C3H0 
H—CZC-CH;CH;CH, ог H-CzC-CHCH; CH3CH5CH; - O -H or CH;CH-O-H 


СНз СНз 
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13.22 
Сзр?-Н at 3000-3150 ст“! 


a. (у Csp?-H at 2850-3000 ст“! 
—1 


С=С at 1650 ст 


13.23 
[1] Cleave bond [1]. 
а [2] 
CHsCH?-CCH;CH;CH;CHs | — 
СНЬСН. 
[3] Я 
Cleave bond [2]. 
m/z = 142 
Cleave bond [3]. 
13.24 


WE sap 


molecular formula: CgHg 
molecular ion (m/z): 78 


pu 


molecular formula: C45H46 
molecular ion (m/z): 136 


хас 


molecular formula: C5;H; 90 
molecular ion (m/z): 86 


O-H at 3200-3600 ст“! 
Csp?-H at 3000-3150 ст“! 
Csp3-H at 2850-3000 ст“! 
C=C at 1650 ст“! 


ВА 
"СНз + СНСН-С-СН»СН»СН»СН, m/z = 127 


CH2CH3 
СН 
: CH2CH2CH2CH3 + Снзснг-С + m/z = 85 
CHCH; 
Он» 
-CH»CH3 + +С—СНн;ОН;ОН;УСН; m/z= 113 
СЊСНа 


€.  (CH3)&CCH(Br)CH(CH3)o 


molecular formula: CgH,7Br 
molecular ions (m/z): 192, 194 


molecular formula: С5Н; {СІ 
molecular ions (m/z): 106, 108 


13.25 
О 
CH;CH;CHs C-ch,cH, OCH5CHs 
СоН12 CgH1 90 CgH1 90 


molecular weight = 120 


13.26 Examples are given for each molecular ion. 


molecular weight = 134 


molecular weight = 122 


a. molecular ion 102: СаНе, СН, 40, CsH1002, C5H;4N5 
molecular ion 98: СН», Са, СНО, С;НсО› 


b. 
c. molecular ion 119: СаНом, CeHsN3 
d 


molecular ion 74: СН, С4НьО, C3H605 
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13.27 Likely molecular formula, CsH16 (one degree of unsaturation—one ring or one л bond). 


Four structures with m/z = 112 


c—— CF 9 Y 


13.28 
CH; 
СНз-СН-СО>СНз СТ 
Cl OCH; СНзСН>СН»Вг 
В C A 
C4H705CI Сан 90 C3H7Br 
molecular weight: 122, 124 ТӨБЕ molecular weight: 122, 124 
should show 2 peaks for the molecular weight 122 should show 2 peaks for the 
molecular ion with a 3:1 ratio molecular ion with a 1:1 ratio 
Mass spectrum [1] Mass spectrum [2] Mass spectrum [3] 
13.29 
DA «OA Dane DO « DA = 
ог = ог ог ог а 
\ Pd-C 
| | 
Possible structures 
С7Н12 
(exact mass 96.0940) 
13.30 


[1] [2] 


(from cleavage of bond [1]) 


E 
OH 


(from cleavage of bond [2]) 


~$ 


(from cleavage of bond [1]) (from cleavage of bond [2]) 


[1] [2] 


onc 


(from cleavage of bond [1]) 


СУТ 


(from cleavage of bond [2]) 
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13.31 
[1] 
au - Но " H e п 2. 
а. (сен -сн=сн) = CgH5 - C— C- OH - CęH5—C+ (resonance-stabilized 
HoH Cleave bond [1]. | carbocation) 
m/z = 104 m/z = 122 m/z = 91 
H H 
сн, с бон 
Cleave bond [1]. ~ ? oe 
3 H H 
Tas m/z = 71 
CHH H -H,0 [l Ch "| H 
сњ=е—с= | = CH;- CC C-oH еэ ы m 
b. - | pod Cleave bond [2]. an. 
H [2] H H m/z = 41 
m/z = 68 m/z = 86 " 
e - X*CH,-OH 
Cleave bond [3]. ғ = 31 
13.32 
Ketone A Ketone B 
Teo pp 
m/z = 128 m/z = 128 
| a cleavage | a cleavage 
i | 
*СНЫСНз + Ш СНз + ве 
m/z = 99 m/z = 113 
This is ketone A since о. This is ketone B since o 
cleavage gives a fragment cleavage gives a fragment 
with m/z of 99. with m/z of 113. 


13.33 One possible structure is drawn for each set of data: 


a. A compound that contains a benzene ring c. A compound that contains a carbonyl group 
and gives a molecular ion at m/z 2 114 


and has a molecular ion at m/z = 107 
о 


NH3 Д 
Ро 
СНз CH2CH2CH2CH2CH3 
C7H440 


C7HgN 


b. A hydrocarbon that contains only sp? hybridized d. A compound that contains C, H, N, and O and has 
carbons and a molecular ion at m/z = 84 an exact mass for the molecular ion at 101.0841 


0 
265 
CH3 МНСНСНСНа 


CeHi2 C5H441NO 


13.34 Use the values given in Table 13.1 to calculate the exact mass of each compound. СаН МО 
(exact mass 153.0790) 15 the correct molecular formula. 
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13.35 Two isomers such as CH; CHCH;CH;CH5;CH; and (CH3);C-CHCH5;CH; have the same 
molecular formulas and therefore give the same exact mass, so they are not distinguishable 
by their exact mass spectra. 


13.36 Alpha cleavage of a 1° alcohol (RCH;OH) forms an alkyl radical (Re) and a resonance- 
stabilized carbocation with m/z = 31. 


ч: 
+СН>ОН CH2=OH m/z = 31 
resonance-stabilized carbocation 


13.37 An ether fragments by а, cleavage because the resulting carbocation is resonance stabilized. 


à а Cleave . E x 
(1] | bond 1: (сну,бн + CH, 0—CH;- CH, === — CH;-20— CH;- CH; 
(CH3)2>CH—CH,—O—CH,—CH3 — resonance-stabilized carbocations 
Cleave 
bond [2]. ы“ E + 
| "+ Сна + (Ону;уСн—Сн;›—О—ОнН; (CHg)CH—CH;—O — CH; 
13.38 
а. (СНз) С=О ог е р. Misc uo ог Ке У C И т 
_ Stronger bond stronger bond stronger bond 
higher У absorption higher S absorption higher У absorption 


13.39 Locate the functional groups in each compound. Use Table 13.2 to determine what IR 
absorptions each would have. 


- Csp-H at 3300 ст“! 
a. { )—с=ш EM mom E C. b d Csp?—-H at 2850-3000 ст“! 


C=O at 1700 ст“! 


C-C triple bond at 2250 ст“! О 
О 
c О-Н at > 3000 cm“! 
Cy `OH  Csp?-H at 3000-3150 ст“! 

= —1 
b О-Н at 3200-3600 cm! is сео | 
` dio dn d Csp?-H at 2850-3000 стг phenyl group at 1600, 1500 ст“ 

OH The OH of the RCOOH is even broader than 


the OH of an alcohol (3500-2500 стп“'), as 
we will learn in Chapter 19. 


13.40 
а "T 
and | HC=CCH»CH,CH, b. ссн ^он 219 — gy ou, 
C=C bond C=C bond O-H b 
24 | -H bond по O-H bond 
1650 cm 2250 стг! > 3000 ст“! 


2 -1 - 
Csp*-H at 3150-3000 ст” — Csp-H at 3300 ст“! [See note on OH in Answer 13.39d.] 
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О 
с. Кең and — CH,CH-CHCH;OH 
CHCH; “СНз GEI UNE 
C=O bond 3200-3600 стт! 
1700 ст“! Csp?-H at 3150-3000 ст“! 


C=C bond at 1650 ст“! 


ОСНз o 
d. (eem aa à 
CH3(CH2)s “ОСН; 


no С=О bond С=0 bond 


~1700 ст“! 


е. СН»С=ССН» апа СНзСН2С=СН 
no С=С absorption Csp-H bond 
due to symmetry 3300 ст“! 


C=C bond at ~2250 стг! 


f. HC =CCH2N(CH2CHs)o and 
Csp-H bond 


3300 ст“! 


СНз(СН2)5С=М 


13.41 The IR absorptions above 1500 cm" are different for each of the narcotics. 


HO CH4O 
О О 
М 
H H 
К СНз Он сна 
HO' o 
morphine heroin oxycodone 
* O-H bond at • С=0 bond at * С=О bond at 
~3200–3600 cm"! ~1700 ст“! ~1700 ст“! 
• по С=О bond * по O-H bond * O-H bond at 


~3200-3600 ст“! 


13.42 Look for a change in functional groups from starting material to product to see how IR 
could be used to determine when the reaction is complete. 


ху Н, Loss of the С=С will be visible in the IR 
> Pd о“ H — 
а Pd by disappearance of the peak at 1650 ст! 
: он pee 2 Loss of the O-H group will be visible in the IR 
| by disappearance of the peak at 3200-3600 ст“! 
and appearance of the C=O at 41700 ст“! 
К [1] Os СНз Loss of the C=C will be visible in the IR 
| ( = areis 5 ( у= T OTG by disappearance of the peak at 1650 стг! 
ВОН СНз апа appearance of the C=O at ~1700 ст“! 
d Иман _ Loss of the O-H will be visible in the IR 
| {он ( 9-9 by disappearance of the peak at 3200-3600 ст“! 


[2] СНзВг 
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13.43 In addition to Csp*-H at 23000-2850 cm": 


Spectrum [1]: Spectrum [2]: 
CH 2=C(CH3)CH2CH2CH2CH; (B) (CH3CH2)3;COH (Е) 
C=C peak at 1650 ст“ OH at 3600-3200 cm" 
Csp^—H at ~3150 cm” 
Spectrum [3]: Spectrum [4]: 
(СНз)›СНОСН(СН.»)› (D) €% 
No other peaks above 1500 cm” SERA АС] 


Сзр?—Н at ~3150 сш" 
Phenyl peaks at 1600 and 1500 cm" 


Spectrum [5]: Spectrum [6]: 
CH3CH2CH2CH2COOH (А) CH3COOC(CH;); (E) 
OH at ~3500–2500 ст" C=O at ~1700 cm" 


C=O at ~1700 cm! 


13.44 
a. Compound with a molecular ion at m/z = 72 c. Compound with a molecular ion at m/z = 74 
IR absorption at 1725 cm“ = C=O bond IR absorption at 3600—3200 cm~“ = O-H bond 
Molecular formula: С4НзО Molecular formula: C4H100 
О OH 


Pu pu ог «У Хон 
b. Compound with а molecular 1on at m/z = 55 
The odd molecular ion means an odd number OH 
of N's present. Molecular formula: СзН5№ ed OH or P 
IR absorption at 2250 cm“ = СЕМ bond 
СНзСН>С=М 


13.45 
Chiral hydrocarbon with a molecular ion at m/z = 82 
Molecular formula: C&Hio 
IR absorptions at 3300 спт' = Csp-H bond 
3000—2850 cm” = Csp*-H bonds 
2250 ст = C=C bond 


` i | ; CH CH 
HCZCCHCH;CH; Two possible enantiomers: | 8 | 3 
Сс сч 
C=CH HC-C'" 7c cH, 


А CH 
stereogenic center 3 снзсн 7 Xj B 
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13.46 The chiral compound Y has a strong absorption at 2970—2840 cm’ in its IR spectrum due to 
sp? hybridized С-Н bonds. The two peaks of equal intensity at 136 and 138 indicate the 
presence of a Br atom. The molecular formula is CAHoBr. Only one constitutional isomer of 
this molecular formula has a stereogenic center: 


Y and Br 
Lis Pp LZ 


two possible enantiomers 
13.47 The molecular ion of 192 suggests Cj2Hi6O2 as a possible molecular formula. IR absorption 


at 1721 cm™ is due to a C=O, and the absorptions around 3000 cm" are due to С» —Н and 
C55?—H. The compound is an ester, formed in the following manner. 


о o 1) о 
Су“ + мон _ CY Т. os 


C12H1602 
13.48 
О m/z = 92; molecular formula C7Hg 
H Zn(Hg) СНз d absorptions at: | 
3150-2950 cm™ = Сѕр°—Н and Csp^—H bonds 
HCI 1605 ст“! and 1496 ст“! due to phenyl group 
2 

13.49 


Н—Вг 
WU 
= з, ES 
HBr + 70H» .— CH4^ ^CH4--H Be — 06 + Br 
СН; ae ^ 


13.50 The molecular ion of 144 suggests С:Н О as a possible molecular formula for X. The IR 
absorption at 1739 сит" is due to a C=O, and the absorptions at less than 3000 cm" are due to 


С»—Н. 
A ш HO = Jl. o 


Ó О 
2-methyl-1-propanol CgH4602 
X 


possible structure 
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13.51 
О а [9] О 
a p 5 к^ “рү 
J 
CgH420 a cleavage product о cleavage product 
m/z = 100 m/z = 43 m/z = 85 
IR absorption at 2962 ст“! = Csp3-H bonds The fragment at m/z = 57 could be due to (С.Но)* or (СаН5О)“. 


1718 ст“! = С=О bond 


13.52 
NH; 0 
L 


K 
C;HgO m/z = 105 m/z = 77 
C7HsN m/z = 106 
m/z = 107 
IR absorptions at 3373 and 3290 ст“! = N-H IR absorption at 3068 ст“! = Csp^-H bonds on ring 
3062 отг! = Саре-Н bonds 2850 стг? = Csp*-H bond 
2920 cm"! = Csp3-H bonds 2820 cm ! and 2736 ст“! = C-H of RCHO (Appendix E) 
1600 ст“! = benzene ring 1703 опг! = С=О bond 
The odd molecular ion indicates 1600 ст = aromatic ring 
the presence of a N atom. 
13.53 
Possible structures of P: 
Cl Cl 
Cl, 
сњо– ) сно— )-o or CHO or CHO 
FeCla 
C;H;CIO 
m/z = 142, 144 


IR absorption at 3096-2837 cm! = Csp$-H bonds and Csp?-H bonds 
1582 ст“! апа 1494 ст“! = benzene ring 


The peak at М + 2 shows the presence of Cl or Br. Since 
Clo is a reactant, the compound presumably contains Cl. 
13.54 The mass spectrum has a molecular 1оп at 71. The odd mass suggests the presence of an odd 
number of N atoms; likely formula, СаНом. The IR absorption at ~3300 cm is due to М-Н 
and the 3000—2850 cm is due to sp? hybridized С-Н bonds. 


Hoo ye UP ве ма LUBI Оден + Na*Br + H2 
үү 


Nat H 
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13.55 


13.56 


13.57 


Because the carbonyl absorption of an amide is at lower wavenumber than the carbonyl 
absorption of an ester, the С=О of the amide must be weaker and have more single bond 
character. This can be explained by resonance. Although both an ester and amide are 
resonance stabilized, the N atom of the amide is more basic, making it more willing to donate 
its electron pair. 


e A cp ii 
d Foe gout y 
R^ ONH? R^ ^NH, R^ "OR R^ “ОВ 
amide | ester 
This form contributes more to This form contributes 
the hybrid, so there is more less to the hybrid. 


single bond character. 
Since the amide carbonyl has more single bond character, the bond is weaker and it absorbs 
at lower wavenumber. 


The o; B-unsaturated carbonyl compound has three resonance structures, two of which place a 
single bond between the C and О atoms. This means that the C—O bond has partial single 
bond character, making it weaker than a regular С=О bond, and moving the absorption to 


lower wavenumber. 
№) 


three resonance structures for 2-cyclohexenone 


If a ketone carbonyl absorbs at lower wavenumber than an aldehyde carbonyl, the ketone 
carbonyl is weaker and has more single bond character. This can be explained by the fact 
that R groups are electron donating and stabilize an adjacent (+) charge. 


су ji Су T 
В” `В R7=*R R^ ^H ВОН 
ketone 
The two А groups stabilize the (+) One R group stabilizes 
charge, so this form contributes more to the (+) charge less. 


the hybrid than the charge-separated 
resonance form of an aldehyde. 


As a result, the charge-separated resonance form of a ketone, which contains a С-О single 
bond, contributes more to the hybrid of a ketone, making the С=О weaker and shifting the 
absorption to lower wavenumber. 
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13.58 


NaOCOCH3 


"es 


Еви! ion at 154 
СлоНчвО 
IR at 1730 стг! (С=О) 


citronellol 


PCC 
E O- SGr- OH 


isopulegone 
+ Се" + нв? 


yoo 


ене 
+ H—B* 


H20 
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О === = 
yO*Cr-OH 
| ae d 
:В 


* H-B* 


s ч. 
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Chapter 14 Nuclear Magnetic Resonance Spectroscopy 


Chapter Review 


'H NMR spectroscopy 
[1] The number of signals equals the number of different types of protons (14.2). 
CHs-O- CH; снасн; — CI кеш, 
Ha Ha Ha Hp Ha Hp He 
all equivalent H's 2 types of H's 3 types of H's 
1 NMR signal 2 NMR signals 3 NMR signals 


[2] The position of a signal (its chemical shift) is determined by shielding and deshielding effects. 
e Shielding shifts an absorption upfield; deshielding shifts an absorption downfield. 
e Electronegative atoms withdraw electron density, deshield a nucleus, and shift an absorption 


downfield (14.3). 
| This proton is shielded. | This proton is deshielded. 
—С-н—| Its absorption is upfield, = а = Its absorption is farther downfield, 
| 0.9-2 ppm. X 2.5-4 ppm. 


e Loosely held л electrons can either shield or deshield a nucleus. Protons on benzene rings 
and double bonds are deshielded and absorb downfield, whereas protons on triple bonds are 
shielded and absorb upfield (14.4). 


C a o 


deshielded H shielded H | 
downfield absorption upfield absorption 


[3] The area under an NMR signal is proportional to the number of absorbing protons (14.5). 
[4] Spin-spin splitting tells about nearby nonequivalent protons (14.6—14.8). 

e Equivalent protons do not split each other's signals. 

e A set of 7 nonequivalent protons on the same carbon or adjacent carbons split an NMR signal 
into n + 1 peaks. 

• OH and NH protons do not cause splitting (14.9). 

• When an absorbing proton has two sets of nearby nonequivalent protons that are equivalent 
to each other, use the и + 1 rule to determine splitting. 

• When an absorbing proton has two sets of nearby nonequivalent protons that are not 
equivalent to each other, the number of peaks in the NMR signal = (n + 1)(m + 1). In flexible 
alkyl chains, peak overlap often occurs, resulting in и + m + 1 peaks in an NMR signal. 

ВС ММВ spectroscopy (14.11) 

[1] The number of signals equals the number of different types of carbon atoms. АП signals are 
single lines. 

[2] The relative position of "C signals is determined by shielding and deshielding effects. 

e  Carbons that are sp? hybridized are shielded and absorb upfield. 

e Electronegative elements (N, О, and X) shift absorptions downfield. 

e Тһе carbons of alkenes and benzene rings absorb downfield. 

e Carbonyl carbons are highly deshielded, and absorb farther downfield than other carbon types. 
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Practice Test on Chapter Review 


1. a. Which of the following statements is true about 'H NMR absorptions? 

1. Asignal that occurs at 1800 Hz on a 300 MHz ММВ spectrometer occurs at 3000 Hz on a 
500 MHz NMR spectrometer. 
A signal that occurs at 3.3 ppm on a 60 MHz NMR absorbs at 198 Hz upfield from TMS. 
A signal that occurs at 600 Hz is downfield from a signal that occurs at 800 Hz. 
Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


Uh de vital 


b. Which of the following statements is true about 'H NMR spectroscopy? 
1. Electronegative elements shield a nucleus so an absorption shifts downfield. 
A triplet is due to a proton that has four adjacent nonequivalent protons. 
3. Circulating п electrons create a magnetic field that reinforces the applied field in the 
vicinity of the protons in benzene. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


2. How many different types of protons does each of the following molecules contain? 


a. > с. (CH3)2C=CHCH3 е AYO on™ g. MA 


о 


с Br сн — CH;CHs 
5 ми о ee же Я t veg h. 
а Br у 


el CH, н ci H 


3. Into how many peaks will each of the circled protons be split in a proton NMR spectrum? 
“~o o H CH 
a. c. C ) e. = 
By © g. $ 
: d. О 
b 2 oc. f. CUTS NZ 
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4. How many lines are presents in the "C NMR spectrum of each compound? 


a. сњо ~ с. cu SL. e. Үү 
о 


О 
b. СНАСЊСЊСНСНЊСНЊСЊСНа d. n" РРА £A 
о 


5. With reference to the 'H NMR absorptions in the following compound, (a) which proton absorbs 
farthest upfield; (b) which proton absorbs farthest downfield? 


Ha Нь На 
ГА ЧА 
О Hc 


6. With reference to the "C NMR absorptions in the following compound, (a) which carbon 
absorbs farthest downfield; (b) which carbon absorbs farthest upfield? 


Cp [9] 
rey 
pd dir 
С; с. 
Answers to Practice Test 
1.а. 1 2.a.5 3.a.8 4. a. 6 5.а. Hy 6. a. С; 
b.3 b. 5 b.3 b.4 b. He b. С, 
c.4 e. 7 c. 6 
d. 5 d.4 d.4 
e.4 e.4 e.4 
f.5 f.3 f.5 
g.3 g.8 
h. 9 


Answers to Problems 


14.1 Use the formula 6 = [observed chemical shift (Hz)/v of the NMR (MHz)] to calculate the 
chemical shifts. 


а. СНз protons: OH proton: b. The positive direction of the 6 scale is downfield 
ô = [1715 Hz] / [500 MHz] 6 = [1830 Hz] / [500 MHz] from TMS. Тһе СНз protons absorb upfield 
= 3.43 ppm = 3.66 ppm from the OH proton. 


14.2 Calculate the chemical shifts as in Answer 14.1. 


a. one signal: second signal: b. one signal: second signal: 
ô = [1017 Hz] / [300 MHz] 6 = [1065 Hz] / [300 MHz] 3.39 = [x Hz] / [500 MHz] 3.55 = [x Hz] / [500 MHz] 
= 3.39 ppm = 3.55 ppm x = 1695 Hz x = 1775 Hz 
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14.3 To determine if two H’s are equivalent replace each by an atom X. If this yields the same 
compound or mirror images, the two H's are equivalent. Each kind of H will give one NMR 


signal. 
a. CH3CH3 C. CH3CH2CH2CH3 e. CH3CH2CO2CH2CH3 g. CH3(CH5);CI 
Р ; р 4 kinds of H's 8 kinds of H's 
2 kinds of H's Е А 
1 NMR shal 2 ММВ signals 4 ММА signals 8 NMR signals 
b. CH3CH2CH3 а. (СНу)„СНСН(СНа) #. СНзОСН»СН(СН:)> h. CH3CH,CH20H 
2 kinds of H's 2 kinds of H's 4 kinds of H's 4 kinds of H's 
2 NMR signals 2 NMR signals 4 NMR signals 4 NMR signals 


14.4 Draw in all of the H’s and compare them. If two H's are cis and trans to the same group, 
they are equivalent. 


H H 
о ug | H4—-CH; кы CH5-—H, НН У, 
а. 4identical H's LA p u^ с. Н 
HORS uo s Hy Не Њ нн H-— № 
Hos. СНз н, 


2 ММК ѕідпаіѕ | 
9 4 NMR signals 3 NMR signals 


14.5 Ifreplacement of H with X yields enantiomers, the protons are enantiotopic. 
If replacement of H with X yields diastereomers, the protons are diastereotopic. In general, if the 
compound has one stereogenic center, the protons in a CH» group are diastereotopic. 


a. id не с. CH3CH(OH)CH2CH2CH3 
pin ka Pick one configuration at the replacement 
existing stereogenic center. of H with X 
idi [i 
Са, Cu, CH3 H CH3 X 
CH3CHCH;CH; У сњењењен“ УК \ e : oot 
enantiomers = но 1 \ но" \ 


enantiotopic H's 


iastereomers = 
b. CH3CH2CH2CH2CH3 и H's 


replacement 
of H with X 


СНзСН»СНСН»СНз no stereogenic center 
| 
Х neither enantiotopic nor diastereotopic 


14.6 The two protons of a CH» group are different from each other if the compound has one 
stereogenic center. Replace one proton with X and compare the products. 
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a. The stereogenic center makes the H's in b. с. 
the СН; group diastereotopic and H НН 
therefore different from each other. с stereogenic stereogenic ү 4° H 
stereogenic На =н н center рани lenis при 
center С H~ Hp CI-C-C-0-CHs-- Ha Не” CHa-C-Ç-C-CHs-—H, 
На“ CHs-C-C-CHs-- Ha He Н CH3—Hp EIE te 
нн H-H, 5 NMR signals Не Hg 
5 ММЕ signals 7 NMR signals 


14.7 Decreased electron density deshields a nucleus and the absorption goes downfield. 
Absorption also shifts downfield with increasing alkyl substitution. 


а. FCH;CH;CH;CI с. CH30C(CH3)3 
F is more electronegative than Cl. The СН» group The СН. group bonded to the О atom 
adjacent to the F is more deshielded and the H's will will absorb farther downfield. 


absorb farther downfield. 


b. CH3CH2CH5CH20CHs 
The СН» group adjacent to the О will absorb farther 
downfield because it is closer to the electronegative 


O atom. 
14.8 
о 
ll 
a. M uon b. ub a с. сну ^снсн, 
Ha Њ Не На Hp Не На Hp He 
3 types of protons: 3 types of protons: 3 types of protons: 
Hp < He < Ha Не < Ha < Hp He < Ha < Hp 
14.9 
О 
c 
а. CH4-CZzC-H CH3CH-CH5 CH3CH5CH5 b. СНУ ~OCHsCHs 
| | 
На Њ Не На Hp He 
Н, protons are shielded because they аге H, protons are shielded because they are bonded to an sp? 
bonded to an sp? C. C. 
H, is shielded because it is bonded to an sp C. H, protons are deshielded slightly because the СН. group 
Нь protons are deshielded because they are is bonded to a C=O. 
bonded to an sp? C. Нь protons are deshielded because the CH» group is 
bonded to an O atom. 
He <На < Hj Не < На < Hp 


14.10 Ап integration ratio of 2:3 means that there are two types of hydrogens in the compound, and 
that the ratio of one type to another type is 2:3. 


a. СНСЊС b. СНАСЊСНа с. CH3CH20CH5CH3 а. CH3OCH2CH2OCH3 
2 types of H's 2 types of H's 2 types of H's 2 types of H's 
3:2 - YES 6:2 or 3:1 - no 6:4 or 3:2 - YES 6:4 or 3:2 - YES 


376 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 14—6 


1411 To determine how many protons give rise to each signal: 
e Divide the total number of integration units by the total number of protons to find the 
number of units per H. 
• Divide each integration value by this value and round to the nearest whole number. 


СаН,40; 
total number of integration units = 14 + 12 + 44 = 70 units 
total number of protons = 14 H's 
70 units/14 H's = 5 units per H 


Signal [A] = 14/5 23H 
Signal [B] = 12/5 = 2 H 
Signal [С] = 44/5 =9 H 


14.12 
downfield absorption downfield absorption 
closer to O closer to O 
CH30;CCH;CH;CO;CH; CH3CO;CH;CH;0;CCH; 
A B 


ratio of absorbing signals 3:2 
Signal [1] = 6 H = 2.09 
Signal [2] = 4 H = 4.27 


ratio of absorbing signals 2:3 
Signal [1] 2 4 H 7 2.64 
Signal [2] = 6 H = 3.69 - — 6 H's with 
downfield absorption 


4 H's with 
downfield absorption 


14.13 To determine the splitting pattern for a molecule: 
e Determine the number of different kinds of protons. 
e Nonequivalent protons on the same C or adjacent C's split each other. 
e Apply the n+ 1 rule. 


О О 
| | СНэСН> Н.н 
од pon % Е 
a. CHCH; Ql с. СНУ ^CH;CH;Br `с=с, 
\ {| |} CH; н Hp 
Ha Hp Ha Hp He 
и Ha: 1 peak - singlet Ha: 2 peaks - doublet 
ud d q Hp: 3 peaks - triplet Hp: 2 peaks - doublet 
Не: З peaks - triplet 
H=—Hp н-ң © 
b. CH5- C-Br d. pe f. CICH;CH(OCH3) 
| B в НН, rd 


Ha Hp 
Ha: 2 peaks - doublet 
Нь: З peaks - triplet 


Ha 
На: 2 peaks - doublet 
Hy: 4 peaks - quartet 


На: 2 peaks - doublet 
Hp: 2 peaks - doublet 
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14.14 Use the directions from Answer 14.13. 


Ha H 
E 3 ra 
a. H4: quartet c „©. | 
а: qu - СНУ ^H-—Hp На: doublet 
| О | Hp: triplet Hp: quartet 
Hp H, 2NMR signals 2 NMR signals 
C 
b. сну“ ^ OCH,CH,OCH; H, and На are both singlets. g, ClCHCH;CO,CH, Ha: triplet 
| Et Нь: triplet | Hp: doublet 
Ha Hy He Hg He: triplet HaH, He Но singlet 
4 NMR signals 3 NMR signals 


14.15 CH3CH2Cl 


3 units 
2 units 

| | | | 

| | | | 

3 1 

chemical shift (ppm) 
14.16 

a. (CH3)2CHCO2CH3 b. | CH&CH2CH2CH2CHs 

split by 6 equivalent H's На Hp He 

6 +1 =7 peaks Ha: split by 2 H's 
3 peaks 


He: split by 4 equivalent H's 


5 peaks 


There are two kinds of protons, and they can split 
each other. The CH; signal will be split by the CH» 
protons into 2 + 1 = 3 peaks. It will be upfield from 
the CH» protons since it is farther from the Cl. The 
CH; signal will be split by the СН; protons into 

3 + 1 = 4 peaks. It will be downfield from the СНз 
protons since the CH» protons are closer to the CI. 
The ratio of integration units will be 3:2. 


Cl CHBr 
%, f 


- Нено НН 
с. с=с а. (С=с (all H's) 
Нн FG Br НН, 
H4: split by 1 H H4: split by 2 different H's 
2 peaks (1+1)(1+1) = 4 peaks 


Нь: split by 2 sets of H's 
(1 + 1)(2 + 1) = 6 peaks 


Нь: split by 2 different H's 
(1+1)(1+1) 2 4 peaks 


Hp: split by 2 sets of H's 
(3 + 1)(2 + 1) = 12 peaks (maximum) 
Since this is a flexible alkyl chain, the signal 
due to Hp will have peak overlap, and 
3+2 +1 = 6 peaks will likely be visible. 


14.17 


о 
а. СНзОСНСН; b. è 
Џ ко} CH4CH4 ^ "OCH(CHg3)e " 
Ha Hp He F4 NE a 
Ha Hp Hc Ha 


с. офосноњсњосн, 
Џ 
Hy He Hp Ha 


H4: singlet at ~3 ppm 
Hp: quartet at ~3.5 ppm 
Не: triplet at ~1 ppm 


На: singlet at ~3 ppm 
Hg: triplet at ~3.5 ppm 
Не: quintet at ~1.5 ppm 


На: triplet at 1 ppm 

Hy: quartet at ~2 ppm 
Не: septet at ~3.5 ppm 
На: doublet at ^1 ppm 


He: split by 2 different H's 
(1+1)(1+1) = 4 peaks 


Hg. 
CH,CHZ ° CHCH; 
d E Y X. os D 
- На С=с, На 
H 
SH 


Hg: triplet at ~1 ppm 
Hp: multiplet (8 peaks) at ~2.5 ppm 
He: triplet at -5 ppm 
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14.18 


Hp 


она 


Не 
Ha He 
2 Н, protons 


trans-1,3-dichloropropene 


14.19 


Hp 


Splitting diagram for H, 


D 
, 


у 
у 


| | Јље131Н2 1 trans На proton splits Нь into 
z 1+1=2 peaks 
a doublet 


2 He protons split Hj into 
2+1 = 3 peaks 
Now it's a doublet of triplets. 


H- doublet 


== CaH4Cl 
Cl Снн 


На: 1.75 ppm, doublet, З H, = 6.9 Hz 
Hp: 5.89 ppm, quartet, 1 H, J = 6.9 Hz 


signal at 5.42 ppm, doublet, 1 H, J 
signal at 5.59 ppm, doublet, 1 H, J 


CICH; 


singlet CI H-—doublet 


B 
signal at 4.16 ppm, singlet, 2 H 
=1.9 Hz 
=1.9 Hz 


14.20 Remember that OH (or NH) protons do not split other signals, and are not split by adjacent 


protons. 
singlet 


а. (CHg)3CCH»OH 


triplet triplet doublet singlet 


b. CHsCH»CH,OH c. (СНУ СНМН, 


singlet 
singlet singlet 12 peaks (maximum) 7 peaks 
3 NMR signals 6 peaks (more likely, 3 NMR signals 
resulting from peak overlap) 
4 NMR signals 
14.21 
H— He На: doublet at ~1.4 due to the СН; group, split into two peaks 
На C-CHg— На by one adjacent nonequivalent H (Но). 
5 H's on OH-— Hp Нь: singlet at ~2.7 due to the OH group. OH protons аге not 

benzene ring А split by nor do they split adjacent protons. 


palau'amine 


He: quartet at ~4.7 due to the CH group, split into four peaks 
by the adjacent СН; group. 
На: Five protons on the benzene ring. 


На: one adjacent nonequivalent H, so two peaks 

Нь: one adjacent nonequivalent Н, so two peaks 

На: Н, is located on а М atom so there is no splitting and it 
appears as one peak. 

Ha: На has one nonequivalent H on the same carbon and one 
on an adjacent carbon, so it is split into (1 + 11 + 1) = 4 
peaks (a doublet of doublets). 
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14.23 Use these steps to propose a structure consistent with the molecular formula, IR, and NMR 
data. 

Calculate the degrees of unsaturation. 

Use the IR data to determine what types of functional groups are present. 

Determine the number of different types of protons. 

Calculate the number of H's giving rise to each signal. 

Analyze the splitting pattern and put the molecule together. 

Use the chemical shift information to check the structure. 


* Molecular formula CzH44O» 
2п+2=2(7) +2 = 16 
16 – 14 = 2/2 = 1 degree of unsaturation 
1 x bond or 1 ring 

• IR peak at 1740 cm! 


C=O absorption is around 1700 ст“! (causes the degree of unsaturation). 
No signal at 3200-3600 стт! means there is no O-H bond. 


• NMR data: absorption |ppm [integration 


singlet 1.2 | 26 ------- = 26 units/3 units per H = 9 H's 
triplet 1.3 | 10 ------- = 10 units/3 units per H = 3 H's (probably a СН. group) 
quartet 4.1 6 ------- = 6 units/3 units per H = 2 H's (probably a СН» group) 


* 3 kinds of H's 

* number of H's per signal 
total integration units: 26 + 10 + 6 = 42 units 
42 units / 14 H's = 3 units per H 


* look at the splitting pattern CHa 
The singlet (9 H) is likely from a tert-butyl group: —Ç-CH; 
H3 


The СНз and CH, groups split each other: CH4- CH;— 


* Join the pieces together. о о 
bots bot 
CH,CH,O^ 7C-CH,| or  CH,CHg^ 7O0-C-CH 
CH; CH; 


Pick this structure due to the chemical shift data. 
The СН» group is shifted downfield (4 ppm), so it 
is close to the electron-withdrawing O. 
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14.24 
e Molecular formula: C3HgO > Calculate degrees of unsaturation 
2n+2=2(3)+2=8 
8 — 8 = 0 degrees of unsaturation 
e IR peak at 3200-3600 cm! > Peak at 3200-3600 cm" is due to an О-Н bond. 


+ NMR date Tu MM 
septet from split by S 
• doublet at ~1.2 (6 H) —- singlet from 1 H 
e singlet at ~2.2 (1 H) doublet from 6 H's~———_ split by 1 H 
e septet at ~4 (1 H) from the O-H proton 
» Putinformation together: 
з 
HO-C-CH; 
H 
14.25 Identify each compound from the 'H NMR data. 
singlet 
at 2.5 
Е ___-- singlet 
а. нсі О H н-—{преї b. base pau e. 1.3 
CH,=CHCOCH, "T gj, %38 (CH3);C—O singlet 
Г du HO. | at 3.8 
| : B 
singlet | singlet 
A triplet at 2.2 
at 3.05 
14.26 Each different kind of carbon atom will give a different "С NMR signal. 
О CHCH; H 
а. CH3CHSCH;CHs b. C с. CH4CH;CH;- O - CH;CH;CHs d. \ и 
Еф CHCH “осн, MEN EE PCM 
Ca Co Co Ca Each C is different. Ca Cp Ce С, Co Ca н н 
2 kinds of C's 4 kinds of C's same groups on both sides of O Each C is different. 
2 13C NMR signals 4 13C NMR signals 3 kinds of C's 4 kinds of C's 
3 13С ММВ signals 4 13С NMR signals 
14.27 
Hp Ha Ha Hp Ha Hp 
| | њ Hot} {н | Ha 
Led DEN PALE Lud d rap 
а  H-C-C-C-H H—C-C-C-H H—C-—C-C-H H—C-C-C-H 
"s |o gp op bod l at ИШ КОНЯ 
Ho” H Cl CI Sg и нан 
Не 
Њ Hp all H's identical 


41H NMR signals 2 1H NMR signals 3 !H NMR signals 11H NMR signal 
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H HH ннн H H Cl H CI H 
CEN "PDT Ке "bre 
нас Иа Nec нна Ин MSG 
Са а Са а 
Each C is different. Cp Each C is different. Cp 
3 kinds of C's 2 kinds of C's 3 kinds of C's 2 kinds of C's 
3 13С NMR signals 2 13C NMR signals 3 13С NMR signals 2 13C NMR signals 


c. Although the number of "C signals cannot be used to distinguish these isomers, each 
isomer exhibits a different number of signals in its 'H NMR spectrum. As a result, the 
isomers are distinguishable by 'H NMR spectroscopy. 


14.28 
These 2 C's are different because they 
“7 are cis and trans to different groups. 


СОН Mc 
H Every carbon is different so 
H there are 10 lines for the 10 C 


2, atoms. 
chrysanthemic acid 


14.29 Electronegative elements shift absorptions downfield. The carbons of alkenes and benzene 
rings, and carbonyl carbons are also shifted downfield. 


О 
ДЦ 
a. СНАСЊОСЊСНа b.  BrCH;CHBr; сос d. снасн=сн; 
Ж + 1 H' 4 OCH, | | 
The СН» group is closer Тһе C of the CHBra group has мо The carbonyl carbonis Тһе СН» group is part of 
to the electronegative О bonds to electronegative Br atoms highly deshielded and a double bond and will 
and will be farther downfield. and will be farther downfield. will be farther downfield. be farther downfield. 
14.30 
a. In order of lowest to highest chemical shift: b. In order of lowest to highest chemical shift: 
Ca Сь Се Са CH3CH3),C-O 
РРА | TIS 
CHsCHCHCHs Ca Cb C, 
OH 
Са< 6 2620: Ca < Cp < Co 
14.31 
* molecular formula Сана О 
2n+2=2(4)+2=10 О 
10 — 8 = 2/2 = 1 degree of unsaturation C ) 
• по IR peaks at 3200-3600 or 1700 стт! о 
по О-Н ог С=О 
. 1 : -— 
Н ММА spectrum at 3.69 ppm This structure satisifies all the data. 
only one kind of proton One ring is one degree of 


unsaturation. All carbons and 


+ С NMR spectrum at 67 ppm protons are identical. 


only one kind of carbon 
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14.32 
О 
Pu ысу ОН 
* molecular formula C4HgO * molecular formula C4HgO 
2n+2=2(4)+2=10 2n+2=2(4)+2=10 
10 - 8 = 2/2 = 1 degree of unsaturation 10 — 8 = 2/2 = 1 degree of unsaturation 
+ 130 NMR signal at > 160 ppm due to - all 5C NMR signals at < 160 ppm 
С=О МО С=О 
14.33 
На Hp Ho Ha 
H HCH; СН, H H o H H 
CH 
Cl О “он, ш чи се a 
aoa f 
а. Ha Ha HH 
Не Не Не 
А B 
a. 4 'Н ММВ signals а. 6 'H NMR signals 
b. 5 '3С NMR signals (including the 4? C) b. 7 '3С NMR signals (including the carbonyl С) 
14.34 
Ha н, 
H H 'HH 
md И си + ek 
H == 
Hg "FL H Нн и HH Ри 
СН S Ci НН. 
с H H D 
Не 
а. 4 !'H NMR signals а. 5 ЇН NMR signals 
b. H4: 1 adjacent H, so 2 peaks b. H4: singlet 
Hp: 2 adjacent H's, so 3 peaks Нь: 2 adjacent H's, so З peaks 
He: З adjacent H's, so 4 peaks H,: 2 adjacent H's, so З peaks 
Hg: 2 adjacent H's, so 3 peaks Hg: 1 nonequivalent H on the same C, so 2 peaks 


He: 1 nonequivalent H on the same C, so 2 peaks 


14.35 Use the directions from Answer 14.3. 


а. (CH,)3CH с. CH4CH,OCH;CH;CH;CH4CH; e. om d 
7 kinds of H's О 


2 kinds of H's 5 kinds of H's 
b. (Снз)зСС(СНз)з d. HCH н-ң, | Снн H 
1 kind of H с=с i С=С 3kinds of H's 
HH нн, H снн; 


4 kinds of H's 


9. CHsCH,CH,OCH,CH,CH; 
3 kinds of H's | Hp 7H Н— На 
Ha— CH — QH,CHS-- Ha Mon o 
с=с М H о H--H, 
/ N с 
Нь сна Br Не 
4 kinds of H's 6 kinds of H's 
14.36 
н. Н бнз |н, Нн н Н, 
big CH; Ha— СНз CHa-— На 
a. H c 
H 
M n | 
Н, ae Hp —Н На H H-— Hp 
3 kinds of protons 
He Ha y Ha—H о H-—Hc 
| | ib Ha~ СНз H— Hp 
b. H d 
HH CH,CH3<— Ha 
| Hy H H, Hg CH3-— На 
H;—-H H=—H 
f Hg H с 
7 kinds of protons 
14.37 
equivalent 
a. a c. | "E 
— Ан — 
pw Ре а 
= Зана thymol 
7 NMR signals 
CH, -— 
caffeine vanillin 
4 NMR signals 6 NMR signals 
14.38 
6 (in ppm) = [observed chemical shift (Hz)] / v of the NMR (MHz)] 
14.39 
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2.16 = x Hz/500 MHz 
x — 1080 Hz (chemical shift of acetone in Hz) 
1080 Hz + 1570 Hz = 2650 Hz 


HoH CH; — Н, 
Hyo—H `O” H-H 
4 kinds of H's 


4 kinds of protons 


4 kinds of protons 


OA oor 


equivalent 
NUN 4 


в ММК signals 


а. 2.5 = x Н2/300 MHz 
х = 750 Hz 
b. ppm = 1200 Hz/300 MHz 
=4 ppm 
с. 2.0 = x Hz/300 MHz 
x 2 600 Hz 


2650 Hz/500 MHz = 5.3 ppm (chemical shift of the СН›СЬ signal) 
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14.40 Use the directions from Answer 14.7. 
а. CH4CHSCHSCH;CH, ог  CH4CH;CH;0CHs 
Adjacent O deshields the H's. 
farther downfield 
b. CH4CH;CH;I ОГ CH4CH;CH;F 
More electronegative F 


deshields the H's. 
farther downfield 


14.41 Use the directions from Answer 14.11. 


[total number of integration units] / [total number of protons] 
[13 + 33 + 73] / 10 = ~12 units per proton 


C. СНЗОСН»СНЬ 
| ог | 


Increasing alkyl substitution 
farther downfield 


d. Ома вв ог  CH4CH;CH;Br 


Two electronegative 
Br's deshield the H. 
farther downfield 


Signal of 13 units is from 1 H. 
Signal of 33 units is from 3 H's. 
Signal of 73 units is from 6 H's. 


14.42 
He Hy № CH3~— Ha 
a. CH3CO,C(CH3)3 апа СНАСО;СНа 
| | | t c. о) апа CH, —H, 
Ha Hp Ha Hp | | 
На: Hp = 1:3 На: Нь=1:1 Ha Hy Hp Ha Ha | СНз Н, 
different ratio of peak areas 
Нь in СНзСО>СН. is farther downfield На: Hp = 3:2 На: Hp = 3:1 


than all H's in СНАСОС(СНа)з, 

b. СНАОСНСЊОСНА and СНАОСЊОСНа 
| 111 |“ 
На Hp Hp На На Hp Ha 


На : Нь = 3:2 На: Hp = 81 
different ratio of peak areas 


14.43 


CHCH — CHs—C=C—CHg 


14.44 


а. а 


СНз protons split by 1 H = doublet 
CH proton split by 3 H's = quartet 


C 
b. CHsO0CH,CH;~ ^OCH, 


both CH» groups split 
each other = triplets 


different ratio of peak areas 


The following compounds give one singlet in a 'H NMR spectrum: 


CI CI 
E^ "um 


CH CH 
Ro e о 
CH, СН: (СНз)зС С(СНз)з 


tt 
СНз protons split by 2 H's = triplet 
СН» protons split by 3 H's = quartet 
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d. он ране (6 


СН» protons split by 1 H = doublet 
CH proton split by 2 H's = triplet 


о 
c 
e. “а ~OCH,CH, 


| rf 
Ha Hp He Hg 
H, protons split by 1 H = doublet 
H, proton split by 6 H's = septet 
He protons split by З H's = quartet 
Hg protons split by 2 H's = triplet 


f. носнгон:он:он 


Ha Hp 


На protons split by 2 СН» groups = 
quintet 
Hp protons split by 2 H's = triplet 
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9. CH4CH;CH;CH;OH 
ttti 


Ha Hp He Hg 


Hg protons split by 2 H's = triplet 

Hp protons split by СНз + CH» protons = 12 
peaks (maximum) 

He protons split by 2 different CH» groups = 9 
peaks (maximum) 

Hg protons split by 2 H's = triplet 

Since Нь and Н, are located in a flexible alkyl 
chain, it is likely that peak overlap occurs, so 
that the following is observed: Hp (3 +2 + 1 = 
6 peaks), Н. (2 + 2 + 1 = 5 peaks). 


О 
И 


№. сн.сньсн ^ "oH 
|| 

Ha Hp Hc 
На protons split by 2 H's = triplet 
H, protons split by 2 H's = triplet 
H, protons split by СН» + СН» protons = 12 
peaks (maximum) 
Since Нь is located in a flexible alkyl chain, 
it is likely that peak overlap occurs, so that 
only 3 + 2 + 1 = 6 peaks will be observed. 


I 
i | CH&CH& СН 


Ha Hp 
На: split by СНз group + Hp 
= 8 peaks (maximum) 
Нь: split by 2 H's = triplet 


СНз | H--H, 
\ / 
C=C 
/ \ 
CHCH;  H— Hp 
Ha: split by 1 H = doublet 
Нь: split by 1 H = doublet 
СН; Н—На 
К° бб 
в HH, 
На: split by 1 H = doublet 
Нь: split by 1 H = doublet 
CH; — H--Ha 
c=c, 
Н—Нр 
На: split by Hp + Н, - 
doublet of doublets (4 peaks) 
Hs: split by Ha + He - 
doublet of doublets (4 peaks) 
He: split by СНз, На + Нь- 16 
peaks 


14.45 
Hit zt ;P BR На 
C=C C=C 
/ \ / \ 
Hg-H ^ COCH; Hs +H COCH; 
Ha: split by 1 H = doublet Ha: split by 1 H = doublet 
Нь: split by 1 Н = doublet Hy: split by 1 H = doublet 
Ha and Нь are geminal. H, and Н, are trans. 
Both compounds exhibit two doublets for the H's on the С=С, but the 
coupling constants (Jgeminal апа Јгапѕ) are different. Jgeminai is much smaller 
than Јал (0-3 Hz versus 11—18 Hz). 
14.46 
Hp Ha Ha: doublet of doublets at 5.7 ppm. Two large J values are seen for the H's cis 
FO (Jap = 11.8 Hz) and trans (Jac = 18 Hz) to Ha. 
He СМ Hy: doublet of doublets at ~6.2 ppm. One large J value is seen for the cis H 
Jap = 11.8 Hz (Jap = 11.8 Hz). The geminal coupling (Js. = 0.9 Hz) is hard to see. 
јео = ы Не: doublet of doublets at ~6.6 ppm. One large J value is seen for the trans Н 
ac = 2 


(Jac = 18 Hz). The geminal coupling (Л = 0.9 Hz) is hard to see. 
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Splitting diagram for H4 На 
1 trans H, proton splits H4 into А . 
1+1 = 2 peaks -7 `` Jag = the coupling constant between H4 апа He 
a doublet | . i 
1 cis Hy proton splits На into E 


1 +1 = 2 peaks 
Now it's a doublet of doublets. 


кыйышы -- Jap = the coupling constant between Н, and Hp 


14.47 
Four constitutional isomers of C4HgBr: 


Br 
ADT Br P = ЕЕ Ув 
Вг 


4 different C's 4 different C's 2 different C's 3 different C's 


14.48 Only two compounds in Problem 14.43 give one signal in their "C NMR spectrum: 


CH4CH3 СУ 


14.49 
с, О: 
poer xt 
R OR' R^ "QR' 
The O atom of an ester donates electron density, so the carbonyl carbon has 
less 8", making it less deshielded than the carbonyl carbon of an aldyhyde or 
ketone. Therefore, the carbonyl carbon of an aldehyde or ketone is more 
deshielded and absorbs farther downfield. 
14.50 
а. НС(СНз)з ава g. (= 
2 signals о | 
7 signals 5 signals 
b. р 79 е. Chah ЈЕ h. ( yo 
: C=C 
5 | 
И H H 4 signals 
3 signals 
с. CH3OCH(CH3)2 É- а ОН i. (> 


3 signals 7 signals 3 signals 
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14.51 
О 
n 
а. CH4CHz^ ү 
Са C, с; 
С, < С; < С; 
14.52 
19 ppm 62 ppm 
a. CH3CH2CH2CH20H 
14 ppm 35 ppm 
14.53 
pr 
a, СНзО2С H 
C,— C=C — C. 
H pa 
Cy Са 
3 different C's 
3 signals 
14.54 


a. C4HgBrz: 0 degrees of unsaturation 
IR peak at 3000-2850 cm": Csp*-H bonds 
NMR: singlet at 1.87 ppm (6 Н) (2 СН» groups) 


| 


Nuclear Magnetic Resonance Spectroscopy 14—17 


OH 


b. CH,CH,CHCH;CH; c. сү" | 
C 
ttt | 


Са C, с; 
С. < С < С; 


16 ppm 205 ppm 


b. (CHg;CHCHO 


41 ppm 


H H 
Се” =6— C, 
CH302C CO2CH3 


| 


Са C Cp Ca 


3 signals 


Use the directions from Answer 14.23. 


singlet at 3.86 ppm (2 H) (СН, group) 


CH3 


| 
СНз-С-Снвг 


Вг 


b. СзНеВг>: 0 degrees of unsaturation 
IR peak at 3000-2850 cm": Csp;-H bonds 
NMR: quintet at 2.4 ppm (split by 2 СН» groups) 
triplet at 3.5 ppm (split by 2 H's) 


Br. ^ Br 


О 
I 


d. CH»=CHCH,CH,CH,Br 


C, C, C, C 
C, < Cp < С, Cp < С, < С, 
143 ppm 23 ppm 
C. CH2=CHCH(OH)CH3 
113ppm 69 ppm 
Cy Ca 
О 
| | Са „403 
H сосњ ~ у 
\ / 
D m | О | | 
CO,C 3 C, о | Cy С; 
Са 
Cp Ca 
4 signals 5 signals 


с. C5H490:: 1 degree of unsaturation 
IR peak at 1740 ст“!: C=O 
NMR: triplet at 1.15 ppm (3 H) (CHs split by 2 H's) 


triplet at 1.25 ppm (3 H) (СНз split by 2 H's) 
quartet at 2.30 ppm (2 H) (СН, split by 3 H's) 
quartet at 4.72 ppm (2 Н) (СН, split by 3 H's) 


о 
j 


on 
CHCH; ~O—CH,CH; 


а. CgH,,0: 0 degrees of unsaturation 

IR peak at 3600—3200 cm": О-Н 

NMR: triplet at 0.8 ppm (6 H) (2 CH3 groups 
split by CH» groups) 
singlet at 1.0 ppm (3 H) (CH3) 
quartet at 1.5 ppm (4 H) (2 СН» groups split 
by СН» groups) 
singlet at 1.6 ppm (1 H) (О-Н proton) 


(Hs 
CHSCHa - C- CH;CHs 
OH 
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е. CgH440: 0 degrees of unsaturation f. C9HgO: 1 degree of unsaturation 
IR peak at 3000-2850 cm7": Csp*-H bonds IR peak at 1730 cm: C=O 
NMR: doublet at 1.10 ppm (integration = 30 units) NMR: triplet at 1.11 ppm 
(from 12 H's) multiplet at 2.46 ppm 
septet at 3.60 ppm (integration = 5 units) triplet at 9.79 ppm 
(from 2 H's) 
e ? 
—c-o-c- C. 
CH3-Ç-0-Ç-CH; CHCHz “^н 
СНз СНз 
14.55 
Two isomers ОГ Сон 0: 5 degrees of unsaturation (benzene ring likely) 
Compound A: Compound B: 
IR absorption at 1742 ст: C=O IR absorption at 1688 ст“!: C=O 
NMR data: NMR data: 
Absorptions: Absorptions: 
singlet at 2.15 (3 H) (СН group) triplet at 1.22 (З Н) (СН, group split by 2 H's) 
singlet at 3.70 (2 H) (CH, group) quartet at 2.98 (2 H) (CH, group split by 3 H's) 
broad singlet at 7.20 (5 H) multiplet at 7.28—7.95 (5 H) 
(likely a monosubstituted benzene ring) (likely a monosubstituted benzene ring) 
О О 


C Cy 
ВЕ CH; Cy CH,CH, 


14.56 IR absorptions: 
3088—2897 спт': sp? and sp? hybridized С-Н 
1740 em: C=O 
1606 cm”: benzene ring 


"FEL at 2.91 


ore 3~—— singlet at 2.02 
sip 
7.20-7.35 2 dg 


triplet i 4.25 
C10H1202 
үү 


14.57 IR absorption at 1713 cm is due to C=O. 


doublet „~ "iplet at 2.43 
at 1.09 NJ ghoh H 
CH triplet at 0.91 
vds x 3 riplet at 0.9 


y" о HH 
septet at 2.60 | 


C;H,40 multiplet at 1.6 
У 
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14.58 
Compound C: 
molecular ion 146 (molecular formula CgH; 0,4) He 
IR absorption at 1762 ст": C=O О | О 
1H NMR data: MEN 
Absorptions: сну `0-6-07 `Снз 
Ha: doublet at 1.47 (3 H) (СНз group adjacent to CH) | CH, | 
Нь: singlet at 2.07 (6 Н) (2 СН» groups) Hp | Hp 
Но: quartet at 6.84 (1 H adjacent to СН.) Ha 
14.59 
Hp 
E, He Compound D: 
О [1] LiCE CH По es | molecular ion 84 (molecular formula C;HgO) 
AL. [2] ЊО @ is coo IR absorptions at 3600-3200 cm: OH 
H E 3303 ст": Csp-H 
E" 2938 ст“!: СН 
а 2120 cm: С=С 
D 1H NMR data: 
Absorptions: 
На: singlet at 1.53 (6 Н) (2 СНз groups) 
Нь: singlet at 2.37 (1 H) => alkynyl CH and OH 
He: singlet at 2.43 (1 H) 
14.60 
Compound E: Compound F: 
СНО: СНО: 
1 degree of unsaturation 1 degree of unsaturation 
IR absorption at 1743 ст“!: C=O IR absorption at 1730 сп": C=O 
NMR data: NMR data: 


total integration units/Z H's 


х total integration units/Z H's 
(23 + 29 + 30)/8 = ~10 units per H 


(18 + 30 + 31)/8 = ~10 units per H 


H4: quartet at 4.1 (23 units - 2 H) H4: singlet at 4.1 (18 units - 2 H) 
Hy: singlet at 2.0 (29 units - 3 H) Hy: singlet at 3.4 (30 units - 3 H) 
He: triplet at 1.4 (30 units - З H) Не: singlet at 2.1 (31 units - З H) 
0 D 
pom род 
СНЕ ^"OCH;CHs СНЕ ^CH,0CHS 
! 1 | 


Hp Ha Не Не На Њ 
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14.61 
Compound H: 
CgH44N: 
4 degrees of unsaturation 
IR absorptions at 3365 ст“!: N-H 
3284 ст“: М-Н 
3026 ст“!: Csp2-H 
2932 ст“!: Csp3-H 
1603 cm": due to benzene 
1497 cm": due to benzene 
NMR data: 
multiplet at 7.2—7.4 ppm, 5 H on a benzene ring 
На: triplet at 2.9 ppm, 2 H, split by 2 H's 
Нь: triplet at 2.8 ppm, 2 H, split by 2 H's 
Не: singlet at 1.1 ppm, 2 Н, no splitting (on NH3) 


На 


Coen 
Hp Не 
14.62 
а. СоНлоО2: 
5 degrees of unsaturation 


IR absorption at 1718 ст“!: C=O 
NMR data: 


multiplet at 7.4—8.1 ppm, 5 H on a benzene ring 


quartet at 4.4 ppm, 2 H, split by 3 H's 
triplet at 1.3 ppm, 3 H, split by 2 H's 


О 
Il 


Cy 
Cy 5 


downfield due to the О atom 


14.63 IR absorption at 1717 cm is due to а C=O. 


сна сно 


singlet at 1.02 
СН; CH3 


H H 


R 
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Compound I: 
CgH44N: 
4 degrees of unsaturation 
IR absorptions at 3367 ст“!: М-Н 
3286 ст“; МН 
3027 cm": Csp?—H 
2962 ст“!: Csp-H 
1604 ст-': due to benzene 
1492 ст-': due to benzene 
NMR data: 


multiplet at 7.2-7.4 ppm, 5 Н оп a benzene ring 
H4: quartet at 4.1 ppm, 1 H, split by 3H's 

Hp: singlet at 1.45 ppm, 2 Н, no splitting (NH3) 
He: doublet at 1.4 ppm, З H, split by 1 H 


СНз ——H, 


| 
Od 


H-—H, 


b. СоНа2: 

4 degrees of unsaturation 

IR absorption at 2850-3150 cm-': 
С-Н bonds 

NMR data: 
singlet at 7.1—7.4 ppm, 5 H, benzene 
Septet at 2.8 ppm, 1 H, split by 6 H's 
doublet at 1.3 ppm, 6 H, split by 1 H 

CH3 


| 
Od 


H 


singlet at 2.13 


singlet at 2.33 
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14.64 IR absorption at 1730 cm is due to a C=O. Eight lines in the "С NMR spectrum means 
there are eight different types of C. 
triplet at 


420 V Hiec О 
H На н -—— Singlet at 9.97 
(СНУ М so " 
| Hu 5 Ha and Нь appear as two doublets. 
singlet at Ha 
2.32 X 
triplet at 


14.65 


a. Compound J has a molecular ion at 72: molecular formula C4HgO 
1 degree of unsaturation 


IR spectrum at 1710 ст“: C=O 


о 

1H NMR data (ppm): om 
1.0 (triplet, 3 H), split by 2 H's сна ~CH2CHg 
2.1 (singlet, 3 H) 


2.4 (quartet, 2 H), split by 3 H's 

b. Compound К has a molecular ion at 88: molecular formula C5H420 
0 degrees of unsaturation 

IR spectrum at 3600—3200 ст“: О-Н bond 


'H NMR data (ppm): OH 
0.9 (triplet, 3 H), split by 2 H's CH3-Ç-CH; 
1.2 (singlet, 6 H), due to 2 СН» groups СН>СНз 
1.5 (quartet, 2 H), split by 3 H's 


1.6 (singlet, 1 H), due to the OH proton 


14.66 


Compound L has a molecular ion at 90: molecular formula C4H1002 


0 degrees of unsaturation total integration units/# H's 


IR absorptions at 2992 and 2941 ст-': Csp3-H (25 + 46 + 7)/10 = ~8 units per H 
1H NMR data (ppm): 
На: 1.2 (doublet, 3 H), split by 1 H 9 ТА H—He 
Нь: 3.3 (singlet, 6 H), due to 2 СНз groups pe + СНз-ОН СНз-С-ОСНз =— Нь 


He: 4.8 (quartet, 1 Н), split by 3 adjacent H's OCH; -—H, 


aL 
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14.67 
: multiplet at ~2.0 ^ singlet at ~1.7 multiplet at ~1.5 
Pur | triplet at -0.95 N | triplet at ~0.95 
~N ЗОН, PEN - pups 
:OH M | ; | N 
"M H-OTs triplet at ~5.1 two signals | 
v at ~4.6 triplet at ~2.0 
у 
< 
ae + OTs 


NA 1,2-H shift pur 
X i СЫ + ТОН 
HH 2 N 


* HÖ 


14.68 
Compound О has a molecular formula C49H420. 

5 degrees of unsaturation. o 

IR absorption at 1687 ст“ Us 

1H NMR data (ppm): C 23 Wem 
На: 1.0 (triplet, З Н), due to СН. group, split by 2 adjacent H's Не Hp На 
Hy: 1.7 (sextet, 2 H), split by СН» and СН» groups о 
Не: 2.9 (triplet, 2 H), split by 2 H's 
7.4—8.0 (multiplet, 5 H), benzene ring 


14.69 
Compound P has a molecular formula СьНэС1О.. 
1 degree of unsaturation 


13C NMR shows 5 different C's, including a C=O. 0 
1H ММА data (ppm): pom 
ICH;CH HCH 
Ha: 1.3 (triplet, 3 H), split by 2 H's шыт 758 р 
Нь: 2.8 (triplet, 2 Н), split by 2 H's He Hp На На 
Не: 3.7 (triplet, 2 H), split by 2 H's p 


Ha: 4.2 (quartet, 2 H), split by СН» group 
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14.70 
Compound Q: Molecular ion at 86. 


Molecular formula: C5H490: О [1] strong base Hp О He Ha 
1 degree of unsaturation C кс] 
IR absorption at ~1700 cm: С=О СНз” ~CH2CH3 [2]CHsI сну” сснСНу; = Q 
NMR data: MW - 86 
На: doublet at 1.1 ppm, 2 СН» groups split by 1 H 
Hp: singlet at 2.1 ppm, СНз group 
Не: septet at 2.6 ppm, 1 H split by 6 H's 
14.71 
a. Compound В, the odor of banana: C7H;,05 b. Compound $, the odor of rum: C;H44O; 
1 degree of unsaturation 1 degree of unsaturation 
1H NMR (ppm): 1H NMR (ppm): 
Ha: 0.93 (doublet, 6 H) о Hc H4: 0.94 (doublet, 6 H) о He 
Hp: 1.52 (multiplet, 2 H) С Hp: 1.15 (triplet, 3 H) Cx 
Не: 1.69 (multiplet, 1 H) | СНУ OCH;CH;CHCHs | H,: 1.91 (multiplet, 1 H) | CHCH: "OCH;CHCHs 
На: 2.04 (singlet, 3 H) | | ењ | | Hg: 2.33 (quartet, 2 H) | | сњ | 
He: 4.10 (triplet, 2 H) Hg Не Hp | а He: 3.86 (doublet, 2 Н) Hp Hg e | Ha 
Ha Ha 
14.72 
C6H12: 
1 degree of unsaturation 
K* "OC(CH3)s 
Хе 8. T IH NMR of T (ppm): H, н, 
Вг На: 1.01 (singlet, 9 Н) | 
Hp: 4.82 (doublet of doublets, 1 H, J = 10, 1.7 Hz) (СНз)зС , 
Не: 4.93 (doublet of doublets, 1 H, J = 18, 1.7 Hz) С=С, 
На: 5.83 (doublet of doublets, 1 H, J = 18, 10 Hz) На Н H— Нь 
H+ 
26 U /|HNMR of И: 1.60 (singlet) ppm. CH3 СНз All H's are identical, 
OH с=с So there is only one 
/ \ i i 
CH; CH; singlet in the NMR. 
14.73 
a. 
C6H420?: 
1 degree of unsaturation о 
IR peak at 1740 cm^': C=O i 
1H NMR 2 signals: 2 types of H's CH; cg °З 
"c NMR: 4 signals: 4 kinds of C's, CH, CH; 
including one at ~170 ppm due a C=O 
b. 
CgH49: 
2 degrees of unsaturation 
IR peak at 3000 cm": Csp?-H bonds CH; 
peak at 3300 ст“!: C,,-H bond HC-C-C-CH; 
peak at ~2150 ст“!: C=C bond CH 
13C NMR: 4 signals: 4 kinds of C's i 
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14.74 a. Since A has no absorptions at 1700 cm'! or 3600-3200 cm", it has no C=O or OH. An 


14.75 


oxygen-containing compound without these functional groups is an ether (or an epoxide). 
Since B is formed from a reaction with HCl, A must contain an epoxide, because ethers 
are unreactive with НСІ. 


doublet at 3.5 —~H,, О ,,CHa7— doublet at 1.4 


H -—— quartet of doublets at 3.0 


A 


A 


singlet at 3.8 сно 2 doublets at 6.9 and 7.2 


b. Epoxide A is equally substituted by R groups on both C's. With НС], the epoxide is 
protonated first and then backside attack by СГ forms the chlorohydrin. Attack at the C 
adjacent to the benzene ring is preferred because the 8' in the transition state at this carbon 
can be delocalized on the benzene ring. 


H 
| 
н, СВА H GOC сн, 
ВА H OH 
H н—С! H CH4O B ^ cB 
S RY? 
ci Е 
CHO А сно er B 


The benzene ring and CH; group must be trans in the epoxide to give the correct 
configuration at the two stereogenic centers in the product. 


:0: Kopi 
z Il | 
„СУ. — ( „С +-CH, -— cis to the О atom 
H^ ^N(CH3) HSN и 
N,N-dimethylformamide СНз -— cis to the H atom 
A second resonance structure for N,N-dimethylformamide places the two СН» groups in different 


environments. One СНз group is cis to the О atom, and one is cis to the Н atom. This gives rise 
to two different absorptions for the СН» groups. 
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14.76 

18-Annulene has 18 л electrons that create an induced magnetic 
field similar to the 6 л electrons of benzene. 18-Annulene has 

12 protons that are oriented on the outside of the ring (labeled Но), 
and 6 protons that are oriented inside the ring (labeled Hi). The 
induced magnetic field reinforces the external field in the vicinity of 
the protons on the outside of the ring. These Но protons are 
deshielded and so they absorb downfield (8.9 ppm). In contrast, the 
induced magnetic field is opposite in direction to the applied 
magnetic field in the vicinity of the protons on the inside of the ring. 
This shields the H; protons and the absorption is therefore very far 
upfield, even higher than TMS (-1.8 ppm). 


14.77 
Са 
Stereogenic center 
H H 
CH4H - Е 
CH,-C—C“cH, Replacea СНз group НОС СН | — HO-C-CH, 
4 OH with X. ХСН» СНз C-X 
Cp | B н | 
3-methyl-2-butanol Replace С,. Replace Cp. 
The СНз groups are not equivalent to each other, 
since replacement of each by X forms two diastereomers. 
Thus, every C in this compound is different 
and there are five '?C signals. 
14.78 
CH3;—P—OCH, One P atom splits each nearby CH3 into a 
OCH doublet by the n + 1 rule, making two doublets. 
3 
H | Ha 


Ha 
All 6 H, protons are equivalent. 


14.79 a. Splitting pattern: 


396 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 14—26 


b. Three resonance structures can be drawn for 2-cyclohexenone. 


A B С 


Resonance structure С places а (+) charge on one С of ће C=C, deshielding the Н 
attached to it and shifting the absorption downfield. 
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Chapter 15 Radical Reactions 
Chapter Review 


General features of radicals 

e A radical is a reactive intermediate with an unpaired electron (15.1). 

e А carbon radical is sp” hybridized and trigonal planar (15.1). 

e The stability of a radical increases as the number of C's bonded to the radical carbon 
increases (15.1). 


least stable most stable 
CH, RCH, ВСН ВАС 
1° 2° 39 


Ån 
Increasing alkyl substitution 
Increasing radical stability 


e Allylic radicals are stabilized by resonance, making them more stable than 3° radicals (15.10). 


AN (^ Я 
онн CH, -—— CH,—CH=CH, 


two resonance structures for the allyl radical 


Radical reactions 


[1] Halogenation of alkanes (15.4) 
X 


R—H = R-X 
BY OCA alkyl halide 
Х =Clor Br 


The reaction follows a radical chain mechanism. 

The weaker the С-Н bond, the more readily the H 

is replaced by X. 

e Chlorination is faster and less selective than 
bromination (15.6). 

e Radical substitution results in racemization at a 

stereogenic center (15.8). 


[2] Allylic halogenation (15.10) 


NBS 
CH;-CH-CH; - | CH;2 CHCH;Br . . . | 
hv or ROOR allylic halide e The reaction follows a radical chain mechanism. 


[3] Radical addition of HBr to an alkene (15.13) 


нн e A radical addition mechanism is followed. 

RCH=CHp R-C-C-H e Вг bonds to the less substituted carbon atom to 
hv, ^, ог Lud У | 

ROOR H Br form the more substituted, more stable radical. 


alkyl bromide 


ROOR 
CH2=CHZ 


e А radical addition mechanism is followed. 


polymer 
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Practice Test on Chapter Review 


1. a. Which alkyl halide(s) can be made in good yield by radical halogenation of an alkane? 


1. [o 2. eue 8. d du 


4. Both (1) and (2) can be made in good yield. 
5. Compounds (1), (2), and (3) can all be made in good yield. 


b.In which of the following reactions will rearrangement not occur? 
1. halogenation of an alkane with Cl» and heat 
2. addition of Cl, to an alkene 
3. addition of НС! to an alkene 
4. Rearrangements do not occur in reactions (1) and (2). 
5. Rearrangements do not occur in reactions (1), (2), and (3). 


c. Which labeled H is most easily abstracted in a radical halogenation reaction? 


Oy ee та 
ав 
о 


d. Which of the labeled С-Н bonds in the following compound has the smallest bond dissociation 


energy? 
н, Њ 1. СН, 
Ha 2. С-Нь 
CH; 3. C-H. 
На 4 С-На 
CH2—He 5. СН. 


2. (a) Which radical is the most stable? (b) Which radical is the least stable? 
A B С D 


3. Draw all of the organic products formed in each reaction. Indicate stereochemistry in part (c). 
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b. P inci hv 


с. Bro 
hv 


4. What monomer is needed to make the following polymer? 


; ; 


CI CI CI 


5. [n each box, fill in the appropriate reagents needed to carry out the given reaction. This question 
involves reactions from Chapter 15, as well as previous chapters. 


т ој О —— СХ, 


Вг 
CN О 


Answers to Practice Test 


1.а.2 З.а. 3.c. 4. 
b.4 CX Br а 
с. 2 Br "Br e 
d.3 і 
А 3.b. 
а. А 
: ee + BrCH,CH=CHCH, 
b.B т 


(cis and trans) 


400 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 15-4 


3: 
Bro [1] ВНз 
K H 
NN OC(CHa)s [2] HO», “OH 
or eu or X 
OH 
PCC or 
mCPBA СтОз or 
[1] CN №а,Сг205 


Og = по Ио. 
OH о 
CN О 


Answers to Problems 


15.1 


152 


15.3 


15.4 


1? Radicals are on C's bonded to one other C; 2? radicals are on C's bonded to two other C's; 
3? radicals are on C's bonded to three other C's. 


а. CH,CH;-CHCH;CH, b. mew c. C d. Cy 


2° radical 3° radical 2° radical 1° radical 


The stability of a radical increases as the number of alkyl groups bonded to the radical carbon 
increases. Draw the most stable radical. 


а. (СНз)>ССНЬСН: b. (CHs)3CCHCHg c. (CHg)3CCH> d. (УК 


Reaction of a radical with: 

e analkane abstracts a hydrogen atom and creates a new carbon radical. 

e ап alkene generates a new bond to one carbon and a new carbon radical. 
e another radical forms a bond. 


:Cl- > a " ТОШ 
а. СНЊ—СН; —— CH3—CH, + H-CI: с. :С1. : CI-CI: 
E Cl: 
b. CH2=CH, ~ СН» СН» d. :@ + О-О: :CI-0-O* 


Monochlorination is a radical substitution reaction in which а Cl replaces a H, thus 
generating an alkyl halide. 


о = oO 


H H 
Clo | | 
b. CH3CH2CH2CH5CH5CHs CICH?2CH2CH2;CH5CH5;CHs + CHs- C- CH;CH;CH;CHs + CH3CH2- C- CH;CH;CHs 
CI CI 
CI H 


Cl 


2 | | 
с. (СНз)зСН > CH, C CH, * CH3—C—CH,Cl 
A 


CH3 CH3 
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15.5 
Cl 
mum ow 
Cl, а! 
B ^ ^ PW + a a. + УМУ 
а! 
15.6 
.. [Ке һу 
женам: :Вг—Вг: Br. + -Br 
Initiation: EIN Or A 
Propagation: он, LH ^ fg - бнз + H-Br 
и "A 
Сна + "Brun да 
Termination: : B s Br: :Br—Br: 
"m N or 
CH, + С CH3— CH3 
~ ~ ог x 
CH, i lg ~ CH3—Br: 
15.7 
Step 1: enis + УВ: ——+ CH, + H-Br AH? = +67 kJ/mol 
1 bond broken 1 bond formed 
+435 kJ/mol —968 kJ/mol 
Step 2: CH; + rir ле + -Br АН? = –101 kJ/mol 
1 bond broken 1 bond formed 
+192 kJ/mol —293 kJ/mol 


15.8 The rate-determining step for halogenation reactions is formation of СНз• + HX. 


CHspH +I ———- Оњ + Hb AH? = +138 kJ/mol 
1 bond broken 1 bond formed This reaction is more endothermic 
TASS kJ/mol Sees KIMO] and has a higher E, than a similar 


reaction with Cla or Bro. 


15.9 The weakest C-H bond in each alkane is the most readily cleaved during radical 


halogenation. 
a. а b. H C. | CH3CHCHsCH3 
3? 3? 2? 


most reactive most reactive most reactive 
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15.10 To draw the product of bromination: 


• Draw out the starting material and find the most reactive C-H bond (on the most 
substituted C). 


e The major product is formed by cleavage of the weakest C-H bond. 
(OBO, OYE XX 
A Br A Br 
Bro Bro 
b. Br d. — | 
Lu OV x<- 


15.11 If 1° C-H and 3° C-H bonds were equally reactive there would be nine times as much 
(СНУ СНСЊСТ as (CH3);CCI since the ratio of 1? to 3? H's is 9:1. The fact that the ratio is 
only 63:37 shows that the 1° C-H bond is less reactive than the 3? C-H bond. 
(СНз)>СНСН2С1 is still the major product, though, because there are nine 1° С-Н bonds and 
only one 3? C-H bond. 


15.12 
CH Br. Gis CH; HzO Она 
\ 
а. СНз С H et CH3 С Вг с. = оњ ~ СН; С OH 
CH, CH, CH, Fe CH, 
(from b.) 
CH CH CH 
D? (снзсок+ ~ S з Cl; jua 
b. CHj-C-Br ~  С=сњ d. б=сн, = CH,-C-CI 
CH, CH, CH, соц CH; 
from a. 
( ) (from b.) 
15.13 


Bro Br K*-OC(CHjs Bro Ре Р 
а. ===, + enantiomer 
hv an; 
Br 
mCPBA 
b. о 


(from a.) 


15.14 Since the reaction does not occur at the stereogenic center, leave it as 1s. 


C1 ug C4 H Br H Br 
Р Cle jJ А; 
Ç С C 
“ы 
сну“ "CH,CHg hv ссн | ^CH40Hs + cH | "cH; CH;CI 
(2R)-2-bromobutane S R 
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15.15 


а! Ta c oh | 
а. CH$4CH;CH;CH;CHs = 7 CH3CH;CH;CH;CH;Cl + CHSCH;CHCH;CHs + сн.сн,сн:“ Nd, снусн,сн, NOH 


Cl с! с! Cl 
Cl; а! ^ 1 
b. CH - сња! + + CH, + [сна + сн, + CH 
3 А 2 PM >= 3 3 3 [> 3 
n Cl; e CI H 
C. CH,CH;-C-CH,CH ——— CH4CH;-C-CH,CH, + CICHCHCH(CH2CHa) + — v 
CHCH id CH;CH; CH5“ ^ CH(CH;CHg)a 
на ch CI CI на на на 


E : = + \ 
& ~ Бу Pu у ~ i Av сну  " CH(CH;CHj); 


H CI 
(Consider attack at M n 
C2 and C3 only.) 
15.16 
O=N- + О O=N-0. + О 
Chain propagation: | т s 
О N-O- + 0 O=N- + © 


The radical is re-formed. 


15.17 Draw the resonance structure by moving the x bond and the unpaired electron. The hybrid is 
drawn with dashed lines for bonds that are in one resonance structure but not another. The 


symbol & is used on any atom that has an unpaired electron in any resonance structure. 


Py 
а. CH3-CH=CH-CH, ~ = CH3—CH-CH=CH, —— = 


б’ 6 


hybrid: CHa-CH-:CH— CH; hybrid: T 
Da Е" 
TOX | ~ 


5: 


ò hybrid: UN 
hybrid: @ "B 
5 


404 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 15-8 


15.18 Reaction of an alkene with NBS or Br» + Лу yields allylic substitution products. 


Br 
" NBS 
: uo C. CH»=CH-CH3 CH;CHCH; 
а Вг Br 
NB 
b. CH,=CH-CH, > CH,=CH-CH,Br 
hv 
15.19 
NBS NBS CHBrCH3 
а. CH,—-CH=CH-CH, Т СНз =СН=СН-СН,Вг с. CH2=C(CH2CH3)2 "m СН»=С 
i + CH;CHs 
CH3CH(Br)CH- CH; + 
BS BrCH;C(CH5CHs3) 2CHCHs 
b. СНз Br СНз 4 CH; 
CH3 hv СНз СНз 
Вг 
15.20 
CH СНз СНз um СНз 
о OO 
+ Br + * 
hv 
Br Br 


15.21 Reaction of an alkene with NBS + Лу yields allylic substitution products. 


= C, => C3 one possible product: high yield 
Br 
b. CH,CH;CH-CHCH;Br o. en 


Cannot be made in high yield by allylic halogenation. 
Any alkene starting material would yield a mixture of allylic halides. 
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15.22 The weakest С-Н bond is most readily cleaved. To draw the hydroperoxide products, add 
OOH to each carbon that bears a radical in one of the resonance structures. 


1 i 
4 он — 2 Сон 
EN H linoleic acid <. 
This allylic С-Н bond is most readily cleaved. | 
О О 
|| c 
| “OH 77 2 OH 
EN 2 
hydroperoxide products: 
HO. о o 
С + 
| Сон + d тон 
„ОН 
EN à Su о 
" 
2 Зон (E/Z isomers are possible.) 
HO. 
о 2 


HO 
Or 
phenol 
15.24 
a. CHa-CHCH;CH,CH;CHa — 5! — CH.CHCH;CH;CH;CHs 
Br 
CH,- CHCH,CH;CH;CH; HBr |^ CH,BrCH,CH;CH;CH;CH; 
ROOR 
b. HBr HBr 
Br ROOR 
Br 
с. CHsCH=CHCH,CH»CH, HBr CH4CH-CH;CH,CH,CH, + CH3CH»—CHCH,CH,CH, 
or HBr, ROOR И Br 


15.25 In addition of HBr under radical conditions: 
e Br. adds first to form the more stable radical. 
e Then Н. is added to the carbon radical. 
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CH3 H CH; H СНз H 
2 radical possibilities: вос. ог ue è Br > НС C—Br 

| N / | | 

СНз H СНз H СНз H 

" А 3? radical 
аа more stable 

This radical forms. 
15.26 
Br 


Br 


15.27 
Transition state 1: 
H 
i s : 
CH,-C—CH, Transition s 2: А 
= Is. 
Br CH,-C^ CH; 
:Вг: 
Sy. | ува аи и ва 
P | CHs-CH=CHp [Use the bond dissociation 
S + Br energies in Appendix C.] 
—18 kJ/mol 
"XC" IM Е 
CH;-C-CH? + Br 
Н :Вг: 
Reaction coordinate 
15.28 


? н н н 
а. ка ак = E CH2 Ç CH2 Ç CH2 С E b. ҮГҮТҮ => Сн»=СН-ОСОСН» 
CeHs CcHs CeHs О О О 


| | | 
COCH; COCH; СОСН; 


polystyrene 
poly(vinyl acetate) 
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15.29 
Cl 


ТЕЕ "m " 2 А p 
Initiation: пб OR I 2 RO + ou [2] ябсн,-с- 
H 
carbon radical 
Cl Cl [3] Cl Cl 
x а iy | 
Propagation: вдоњ-67 У fid ~ ROCH% С CH;-Q- 
H PT H H 


Repeat Step [3] over and over. | new C-C bond 


C Cl Cl Cl 
"n / X [4] i d 
Termination: слон, М эш — LM d ml du [one possibility] 
H H H H 


With СІ, each H of the starting material can be replaced by Cl. With Bro, cleavage of the 


15.30 
weakest С-Н bond is preferred. 


СІ 
a. Ср 
: + | : 
hv | 
Cl Cl CI— 
B 
b. Br; 
А 


Вг 
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15.31 
(СНз)зС 
was Abstraction of the phenol H 
U produces a resonance-stabilized radical. 
BHA 
(СНз)зС (СНз)зС (СНз)зС (CHg)3C (СНз)зС 
"av "aT" err :0 OCH, оо, 
15.32 
а. increasing bond strength: 2 « 3 « 1 
b. and c. СНз СНз СНз 
'CHa-C- CHCHs H- CH;-C- CHCHs H- CH; - C- CHCHs 
H H H H 
1? radical 2? radical 3? radical 
least stable intermediate stability most stable 


d. increasing ease of H abstraction: 1 <3 «2 


15.33 Use the directions from Answer 15.2 to rank the radicals. 


a. (CH3);CHCH;CH(CH3)CH; (СНА СНСНСН(СНг) (CH )2CCH»CH(CHs)o 
1° radical 2° radical 3° radical 
least stable intermediate stability most stable 
2° radical 3° radical allylic radical 
least stable intermediate stability most stable 


15.34 Draw the radical formed by cleavage of the benzylic С-Н bond. Then draw all of the 
resonance structures. Having more resonance structures (five in this case) makes the radical 
more stable, and the benzylic С-Н bond weaker. 


CH2-H 
СТ N benzylic С-Н bond 


| bond dissociation energy = 356 kJ/mol 


с о о О"— o” 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 409 


Radical Reactions 15-13 


15.35 
Messi =н Н. = bonded to an sp? 3? carbon | 
OO d Нь = bonded to an allylic carbon Increasing ease of abstraction: 
CH; CHCHCHC(CH3)CH2-H7—H Н, = bonded to an Sp? 1? carbon He < Ha < Ha < Hp 
НН На = bonded to an sp? 2? carbon 
15.36 
CI 
a ————- 
CI CI 


| | 
b. (CH3)gCCHsCHsCH»CH, (CH3)3CCH2CH2CH2CH2CI + (СНа)зССН»СНьСНСНь + (CH3)gCCH2CHCH»CH3 


CH;CI а 
* (CH3)2CCH2CH2CH2CH3 + (СНз) сСНСН„СН„СНа 


а а 
в ИМАМЫ pr PR ЕА АТАА а 
Cl 
Cl 


d. СУ Toe + ps " В о [У сне 
3 


15.37 To draw the product of bromination: 


e Draw out the starting material and find the most reactive С-Н bond (on the most 
substituted C). 


• The major product is formed by cleavage of the weakest C-H bond. 


CI 


bt бини b mb ls" 


| 
(CH3)&CCH2CH(CH3)o (CHa)sCCHaCl CH3)o d. (СНз)зССНЬСНз (CH3)3CCHCH3 
Br 


15.38 Draw all of the alkane isomers of C&H;4 and their products on chlorination. Then determine 
which letter corresponds to which alkane. 


PW pO tpg dieu. 
и 


~ 
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[e 
Cl Cl 
AN LOS GO ® Ы + "€ 
D m ПВ d 
а Cl 
88 ci 
њи "n" СҮ + ^к + ов [cadaodonió cenieni 
E 


15.39 Halogenation replaces a C-H bond with a С-Х bond. To find the alkane needed to make 
each of the alkyl halides, replace the X with an H. 


Br 
a. (> === СУ с. G4 — ond 
Br 
===, 
2 Pu р d. (СНз)зССН СІ => (СНз)зССНз 


15.40 For an alkane to yield one major product оп monohalogenation with Ch, all of the hydrogens 
must be identical in the starting material. For an alkane to yield one major product on 
bromination, it must have a more substituted carbon in the starting material. 


at Lo “Сүз 8 0p 


CI Br 
b. = КД three different Br on 2? carbon 
из C-H bonds The product with Br on 3? carbon 


à will form predominantly: 
These two compounds can be formed 
in high yield from an alkane. These two compounds cannot be 
formed in high yield from an alkane. 


15.41 A single constitutional isomer is formed in both halogenations in (a), (c), and (d). 
Bromination often forms a single product by cleavage of the weakest С-Н bond. For 
chlorination to form a single product, the starting material must have only one kind of H that 
reacts. In (c), a single chlorination product is formed because there is only one type of sp? 
hybridized С-Н bond. 


Cl 
OD сү eer 
hv ` hý 
Bro Br 
A 
ES 
үз d. el 


Clo P 
hv 
Br 


V 
a he 
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^ 


CI 
Clo cr + el 
on : сү 
Вг 
ое Bro P 
15.42 In bromination, the predominant (or exclusive) product is formed by cleavage of the weaker 
C-H bond to form the more stable radical intermediate. 


= Br, m 
CH oe д ChA убыв od ф-% 


P H weaker bond " 
stronger bond АР? = 356 kJ/mol с D 
АН? = 460 kJ/mol As usual, more product is formed NOT formed 


by homolysis of the weaker bond. 


15.43 Chlorination is not selective so a mixture of products results. Bromination is selective, and 
the major product is formed by cleavage of the weakest С-Н bond. 


С! CI 
a. * * + + 
- а T 
Y а! 
b. Bro С Bro K*-OC(CH3)3 
A A 
Y Br Y Br 


15.44 Draw the resonance structures by moving the x bonds and the radical. 
CH, CH2 Wu М2 
О“ Om «Со 
| . 2 Z^ 
05 med 
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15.45 Reaction of an alkene with NBS + Лу yields allylic substitution products. 


Br. 
NBS 
a || —— | 
hv 
NBS В Br 
b. CH3CHsCH=CHCH2CH; CHgCHsCH=CHCHCH3 + CH3gCHsCHCH=CHCH3 
C. (CHs),>C=CHCHs (CH3)j;C— CHCH?Br + BrCHsC(CH3)=CHCH, + CHs=C(CH3)CH(Br)CHs 
hv + 


сы »C(Br)CH=CH, 


POE O00 00" 


15.46 It is not possible to form 5-bromo-1-methylcyclopentene in good yield by allylic bromination 
because several other products are formed. 1-Methylcyclopentene has three different types 
of allylic hydrogens (labeled with *), all of which can be removed during radical 


bromination. 
Br 
Br Br 
+ + + + 
Вг 


~ Br 
5-bromo-1-methyl- 
cyclopentene 


15.47 
Br 
NBS 
I + + En 
hv 
Br Br 
X 
00 20. 
Вг Вг Вг 
15.48 
CI 
a dio + Ср hv о аса о а + NM d 
CI 
CI 
CH; А CH; 
b. СТ + В — Вг (major product) 
CH3 CH3 
CH; СНз 
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Br Br 
с И + Ву M, РО ку К р У 


(minor product) (two major products) 
Br 


о. 
О 
ЈЕ: 

№ 
+ 
2 
UJ 
wn 
|> 
О 
I 

№ 
. 

UJ 


Pu HBr ~ ДА pr 
r. 
E ROOR NETS Ze CH=CHCH,Br 
i n 
HB 4 
Е н, t 


— ——= 


Y 


ROOR Br 
15.49 
Br 
Br. Br, 
HBr Вг; | NBS 
a b с Bn MES 
Br hv 
+ 
enantiomer 
15.50 
KOC(CH ozonolysis 
Br? " (CH3)s y B. | б 
һу Вг | 
Вг 
cyclohexanone acetone 
A B С D 
15.51 
CH CH 
* Br и: 
a hv 
CH3 Bi CHCl CH3 „СНз СНз „CH3 CH3 
b a + CI + + + ЈЕ 
CI CI CI Cl 
СНз CH3 
+ + 


CI Ci 
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= CI 
© pu Se. a До Dh. е. TTE " Av sf КЕ а 
һу 


f. Clo 


Din 
CHCH NF a 


ЕН ЕН 
CH b: | 
ои S ls + с “ссі, 
на ан 
15.52 
CI Cl, CI CI CI CI CI CI CI 
C PON P ЧЕ + p PEN 2 P “чыё, 
һу 
А B с р ЕС 
(2R)-2-chloropentane 
CI CI Gl 
+ AOAN + PW 
F gc 


b. There would be seven fractions, since each molecule drawn has different physical properties. 
c. Fractions A, B, D, E, and G would show optical activity. 


15.53 


C 
h 


| с! а! 
2 СІ ^X^ = 
+ + + 2, 
" nar did а d od 
1 2 3 4 
с! а! 
E ue аи ~~ р 4 А d d. 
Cl ~ 
5 6 7 8 
n uit db d " d « d dud 
CI 
а 
9 10 11 © 
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a. There would be 10 fractions, since 4 and 5 (two enantiomers) would be in the same fraction. 
b. АП fractions except the one that contains 4 and 5 would be optically active. 


15.54 
Br Br 
S ГА 
МВ 
CH2 NES CH, + CH» + CH, + СН, + 
hv > 
А Br Br 
amm + err 
15.55 
СН QHs 
a. СНз-С- СНз + Bro ћу СнНз-С- СНз + HBr 
H Br 


C-H bond broken Br—Br bond broken C-Br bond formed _ H-Br bond formed 


+381 kJ/mol +192 kJ/mol —272 kJ/mol —368 kJ/mol 
total bonds broken = +573 kJ/mol total bonds formed = —640 kJ/mol АН? = —67 kJ/mol 
анан: :BrV-Br: Br: + Br 
b. Initiation: Mon or A 
Propagation: (CH,),CH m (СНз)зС. + H-Br: с. AH? = (bonds broken) — (bonds formed) 
N = (+381 kJ/mol) + (-368 kJ/mol) 
= +13 kJ/mol 
(СНз)зС CX ВИ бе (CH34C—Br + ‚Вг: AH? = (bonds broken) — (bonds formed) 
"pen E = (+192 kJ/mol) + (C272 kJ/mol) 
ONCE = —80 kJ/mol 
Termination: } Br: + “Br: ———- :Br-Br: 


(one possibility) 


d, e. 
Transition state 1: 


+13 Transition state 2: 


kJ/mol 
Transition state 1: Transition state 2: 


"e d ма. Зи сњ | ge | 
а сну-бӧсн | _ |оњес-сњ 
EE. H---Br: ‘Br- -Br: 

8 5 


kJ/mol 


(СНз)зС —Br + -Br 


Reaction coordinate 
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15.56 


Initiation: 


Propagation: 


Termination: 
(one possibility) 


О О 
N-Br: м + Br 
Jon hv m 
О О 
NBS 
“уз + duo vw aS — AM 
H к С | 
‘Br Br: Brz Br: (from NBS) + H=Br 
(from NBS) 
di FI Br. „Му Е Br: 
Br 
: + | Вг = :Br-Br: 


15.57 Calculate the АНУ for the propagation steps of the reaction of CH, with 15 to show why it 
does not occur at an appreciable rate. 


+ +E 


CH3—H ——- CH, + "p AHP = +138 kJ/mol 
+435 kJ/mol —297 kJ/mol 
CH, + Г = СНІ ++I:  AH?--83kJ/mol 
+151 kJ/mol —234 kJ/mol 


This step is highly endothermic, making it 
difficult for chain propagation to occur 
over and over again. 


15.58 Calculate АН? for each of these steps, and use these values to explain why this alternate 
mechanism is unlikely. 


[1] CH, + :Cl- 


C-H bond broken 
+435 kJ/mol 


H- + с 


CI-CI bond broken 
+242 kJ/mol 


[2] 


3,3-dimethyl-1-butene 


CH,Cl + Н: 


C-CI bond formed | AH? = +84 kJ/mol 
—351 kJ/mol 


— на + :Cl- 


The AH" for Step [1] is very endothermic, 
making this mechanism unlikely. 


H-CI bond formed AH? = —189 kJ/mol 


—431 kJ/mol 


1,2-CHs shift 


+ Br 
2? carbocation 


At x 


3? carbocation 


2-bromo-2,3-dimethylbutane 
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Se mi Sd 


3,9-dimethyl-1-butene HBr The 2? radical does 1-bromo-3,3-dimethylbutane 


peroxide NOT rearrange. 


Addition of HBr without added peroxide occurs by an ionic mechanism and forms a 2° carbocation, 
which rearranges to a more stable 3° carbocation. The addition of H^ occurs first, followed by Вг. 
Addition of HBr with added peroxide occurs by a radical mechanism and forms a 2° radical that does 
not rearrange. In the radical mechanism Br- adds first, followed by Н.. 


15.60 
" 
Step 1: | СНз-СН=СН» + -Cl > CH3—C- CH» AH? = —72 kJ/mol 
а 
1 bond broken 1 bond formed 
+267 kJ/mol —339 kJ/mol 
H н 
Step2: | CH4-C-CH, + H-Cl CHa c- Он; АН, = +34 kJ/mol 
Cl h Cl This step of propagation is endothermic. It 
1 bond broken 1 bond formed prohibits chain propagation from occurring over 
+431 kJ/mol —397 kJ/mol and over. 
15.61 
к+- H 
Jede 88 у, 0) == (7) 
О 
(from a.) 
ог „=. (у 
ROOR f r 
(from (from b.) Br Br 
HzO 
c. Q 2 Cy po ege сн (он 
Н804 
(from b.) 
d. Е OH 
(To [1] NaCN С 
Q 
(from e.) [2] H20 CN 
15.62 
B z НО 
" Pre КРОС(СНа)з 2 он 
HS0, 


major 
product 
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mCPBA Сб C 
b. О c. — + enantiomer 
"Cl 


(from a.) (from a.) 
15.63 
Br Br = 
Bro K*-OC(CH Br? NN K* -OC(CH3)s 
а. CH3CHCH; ——- CH,CHCH, (CHala ou cH-cH, - CH4-C-C-H _ сњсесн 
ћу IN ü h (2 equiv) 
DMSO 
Br K*-OC(CH 
b. (CHs)3 PT HBr pu 
ROOR 
Ж Ман -с-  CH3CH,Br H2 HBr 
C. НСЕСН HC= wee = 
C=C C=C DON —" Pes, 
Lindlar catalyst ROOR 
15.64 
B K* -OC(CH B 2 NaNH 
а. CH3-CHs 2 > CHg$-CHjBr (СНУ | CH=CH; —2— BrCH,—CH,Br == HC=CH 
CH3—CH,Br 
b. HC=CH NaH нс=с 2, | HC=CCH CH, 
(from a.) 
(from a.) 
A гїнс=с^ 
mCPBA, Дү НС HC=CCH,CH,OH 
€. CH=CH; 5 ane 
(from a.) (from ba 
` [2] Н>О 
= H4—CH;B 
d. нс=ссн,сн, МН, -сессньсн, -LHe CHBr снсн-с=с-сн,сн Na, A „м 
(from b.) (from a.) МНз 


e. сн.сн,-с=с-сньсн, НО a ал 
(from d.) #50, 


15.65 


с! 
Cl K*-OC(CH [1] 0 

( ) 2 CY (СНз) Q 3 ono NOHO 
ћу [2] (СНз)2$ 
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15.66 
O» abstracts an H here. = 6-6 
= = COOH „5 g. A COOH ~ COOH 
E H H = СН zz n C5H44 __ EN C5H44 
arachidonic acid * HOO- 
MEL 
pud OOH :0-0. 7 
= — COOH р-н — 2 COOH 
T 
—= — Oshi: = „СН | — __ „Са 


another molecule of 
ЗЕТЕ arachidonic acid 


This process is repeated. 


15.67 
. . 0 «> [2] sl \ 
+ :6-0- oa wh ae 
Ce 08-6 = Ave 9 Са 2 Rr 
О о © EA Aes 18] О rd 
+ HOO: + 
L n у. 
Тһеп, гереаї 
Steps [2] апа [3]. 
15.68 
а лз —+ 7 „ НОО лу 
dn hs (cis and trans) 
О; abstracts an H here. 
СЭС 0 2: | 
Lac + нбб: 


"d. d . Pa, d ај gp 4 bad + В: [АН = 1-Вехепе] 


“6-6 О-О; E шр 
[2b] [36] 
Jm Шш HOO, А 
е Ag di 
\-6-6- РО а 87" 


Repeat Steps [2] and [3] again and again. 


15.69 For resonance structures A—F, an additional resonance form can be drawn that moves the 
position of the three л bonds in the ring bonded to two OH groups. 
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b. Homolysis of the indicated OH bond is preferred because it allows the resulting radical to 
delocalize over both benzene rings. Cleavage of one of the other OH bonds gives a radical 
that delocalizes over only one of the benzene rings. 


15.70 Abstraction of the labeled H forms a highly resonance-stabilized radical. Four of the 
possible resonance structures are drawn. 


OH OH ÓH Он. 
HO он сой OH 9 ©: 0 ©: 
vitamin С X | 
:OH К :OH T 
HO О бг нб О Ог 
| На 
9 © 9 © 


15.71 The monomers used in radical polymerization always contain double bonds. 


COOEt COOEt COOEt 


polyisobutylene poly(ethyl acrylate) 
(used in Latex paints) Et = CH2CH; 
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15.72 
„Ch QHs  ÇHs © 
а — сњ=с i CH2-C—CH,—C-CH?—C 8 
COOCH; COOCH; COOCH; COOCH3 
methyl methacrylate PMMA 


CH; 
b. CHa-C/ ; ; 

CO,CH,CH,OH HO 

Bota Sec а SD. Ao 


hydroxyethyl methacrylate о 
poly-HEMA - 
OH 


15.73 Polystyrene has H atoms bonded to benzylic carbons, carbons bonded directly to a benzene 
ring. These C-H bonds are unusually weak because the radical that results from homolysis is 


resonance stabilized. 


No such resonance stabilization is possible for the radical 
that results from С-Н bond cleavage in polyethylene. 


15.74 
Overall reaction: сн,=снсм 1008. 4 ^u, 
CN СМ ON 
CN 
TN vs ges РА 2 " CN 
Initiation: ROTOR lt. 2 во + И E ROCH;-C.- 
Ni H 
carbon radical 
CN CN [3] CN CN 
5 T .. | 
Propagation: ROCH,-C/ У ^ eu dt = ROCH?;-C CH,-C. 
H ү? n] H 


Repeat Step [3] over and over. | new C-C bond 


eN NG [4] iudi 
Termination: «CH,-C^ М "O-CHgee ——— ^-CH,-C-C-CH;^- [опе possibility] 


H H H H 
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15.75 


A $ $ i 


OCH, OCH; OCH, 


b. The OCH; group stabilizes an intermediate carbocation by resonance. This makes А 
react faster than styrene in cationic polymerization. 


po ; | | 
:OCHs :OCHs + ОСНз 
three of the possible resonance structures 


15.76 


zu + 7704s 


ci а С сусу Ссс Сн 


alternating copolymer 


15.77 
singlet singlet 
at2.28 at4.04 doublet 


, doublet at 5.85 


multiplet CI 
s i: at 4.34 B 


15.78 
triplet molecular formula C3HgClo 
I | | Integration: 
А ё А " | 
m Gi Sr Sl (57 Une 29 units)/6 H $ = 14 units рег | 
| one signal is 57 units/14 units per H = 4 H's 
second signal is 29 units/14 units per H = 2 H's 

1H ММВ data: 

quintet at 2.2 (2 H's) split by 4 H's 

triplet at 3.7 (4 H's) split by 2 H's 


quintet 
minor product 
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15.79 
equivalent H's doublet quartet 
singlet 
а. CH3CH, CICH;CH;CI * CH4CHCI, 
X Y 
itiation: СС: ————- :Cl + Cl: 
b. Initiation: NN S ОГА = = 
Propagation: " Z XTN " 
` CH=CH + °С: CH-C- + н-@: 
H 
H ANA H 
он,-6 + On e CH,-C-O + -@: 
i y 
DC Ne | | 
Formation of Y: CH4—CH-CI : CH4-CH-CI + HCl: 
“СЛАМ 
l :CI— CI: T 
CH4-CH-Cl " 7 CH3;CHCl, + Сі: 
Cl: Y 
Formation of X: cere CHCl ~  :CH;-CH;C| + НСІ: 
:Cl—Cl: 
CH; - CH;CI CICH;CH;CI + -ĈI 
X 
Termination: GE X ја: :CI-Cl: 
15.80 
ROTOR RO: + .OR 
о 6 i 
Ca [1] | [2] ZOS [3] 
oH on == о SB ДАР Д 
+ H-OR 


СҮ? 
! (Repeat Steps [2] 
сну“  and[g]) 


15.81 a. The triphenylmethyl radical is highly resonance stabilized, because the radical can be 
delocalized on each of the benzene rings. As an example using one ring: 


СвН5 СвНь C6H5 СёН5 
“онь “сень f^ “сень 2 “сень 
In addition, the radical is very sterically hindered, CgHs 


making it difficult to undergo reactions. 
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b. First, draw the resonance form of the radical that places the unpaired electron on the C that 
forms the new С-С bond. 


Y 
» VAL СА 
gO 


c. Hexaphenylethane formation would require two very crowded 3° radicals to combine. 
The formation of A results from a radical on one of the six-membered rings, which is 
much more accessible for reaction. 

d. The 'H NMR spectrum of hexaphenylethane should show signals only in the aromatic 
region (7-8 ppm), whereas the 'H NMR spectrum of A will also have signals for the sp? 
hybridized C-H bonds (4.5-6.0 ppm) of the alkenes, as well as the single Н on the sp” 
hybridized carbon. The PC NMR spectrum of hexaphenylethane should consist of lines 
due to the 4? C's and the aromatic C's. For A, ће "C NMR spectrum will also have lines 
for the ѕр? and sp” hybridized C's that are not contained in the aromatic rings. 


15.82 
Initiation: RgSnH + 0 —— RgSn- + HZ 
> 4 А 
Ргорадайоп: в — ДИЊ + RSnBr 
RaSn 
gf А RgSnH 
р + Бал. 
9 
RgSnH 
ANN ibi s 
0 RgSnH 
РИКИ En ДРУМУ + RSh. 
15.83 
— CO;H МУ — у ч C де 
ial E | CN eA ее 
Оља Sy = О-У 50у Ó 2 ; 
C. 
0-0 
А | x 
о ecce ^ Sean Lab 
Dd A Onn d 
оон 0-0-5 
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Chapter 16 Conjugation, Resonance, and Dienes 
Chapter Review 


Conjugation and delocalization of electron density 

e The overlap of p orbitals on three or more adjacent atoms allows electron density to delocalize, 
thus adding stability (16.1). 

e Ап allyl carbocation (СЊ=СНСН; ) is more stable than а 1° carbocation because of p orbital 
overlap (16.2). 

e Inasystem X-Y-Z., Z is generally sp? hybridized to allow the lone pair to occupy a p orbital, 
making the system conjugated (16.5). 


Four common examples of resonance (16.3) 
[1] The three atom “allyl” system: X2Y-Z -——- X-Y-Z , =+ чо 


* 


[2] Conjugated double bonds: С) 
+ 


— 


n 


——- X-Y: | Electronegativity of Y > х) 


[3] Cations having a positive charge үсү 
adjacent to a lone pair: 

[4] Double bonds having one atom more 
electronegative than the other: 


Rules on evaluating the relative “stability” of resonance structures (16.4) 
[1] Structures with more bonds and fewer charges are more stable. 


CH CH 
more stable LA: E E бу 
resonance structure foo Zu 
CH3 CH; \ / 
all neutral atoms р 
опе тоге Бопа charge separation 


[2] Structures in which every atom has an octet are more stable. 


ME. * more stable 
СНз-О-СН» E g s $ rü resonance structure 


All 279 row elements have an octet. 


[3] Structures that place a negative charge on a more electronegative element are more stable. 


The (-) charge is on the more 
electronegative O atom. 


| E more stable 
CH; [ee RS сна“ SCH, resonance structure 
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The unusual properties of conjugated dienes 
[1] The C-C o bond joining the two double bonds is unusually short (16.8). 
[2] Conjugated dienes are more stable than similar isolated dienes. АН“ of hydrogenation is smaller 
for a conjugated diene than for an isolated diene converted to the same product (16.9). 
[3] The reactions are unusual: 
e  Electrophilic addition affords products of 1,2-addition апа 1,4-addition (16.10, 16.11). 
e Conjugated dienes undergo the Diels—Alder reaction, a reaction that does not occur with 
isolated dienes (16.12-16.14). 
[4] Conjugated dienes absorb UV light in the 200—400 nm region. As the number of conjugated 
Tt bonds increases, the absorption shifts to longer wavelength (16.15). 


Reactions of conjugated dienes 
[1] Electrophilic addition of HX (X = halogen) (16.10, 16.11) 


HX 


CH)=CH—CH=CHp Е е онаси | Вазе CH) 
1 equiv 
(1 едим) |, у H X 
1,2-product 1,4-product 


kinetic product 


thermodynamic product 


e The mechanism has two steps. 

e Markovnikov's rule is followed. Addition of H^ forms the more stable allylic 
carbocation. 

e The 1,2-product is the kinetic product. When H” adds to the double bond, X adds 
to the end of the allylic carbocation to which it is closer (C2 not C4). The kinetic 
product is formed faster at low temperature. 

e The thermodynamic product has the more substituted, more stable double bond. 
The thermodynamic product predominates at equilibrium. With 1,3-butadiene, the 
thermodynamic product is the 1,4-product. 


[2] Diels—Alder reaction (16.12-16.14) 


2 Z А Z 
Gi — О 
Ci 


1,3-diene dienophile 


The three new bonds 
are labeled in bold. 


The reaction forms two o and one т bond in a six-membered ring. 

The reaction 15 initiated by heat. 

The mechanism is concerted: all bonds are broken and formed in a single step. 
The diene must react in the s-cis conformation (16.13A). 

Electron-withdrawing groups in the dienophile increase the reaction rate (16.13B). 
The stereochemistry of the dienophile is retained in the product (16.13C). 

Endo products are preferred (16.13D). 
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Practice Test on Chapter Review 


1. a. Which of the following statements is true about the Diels—Alder reaction? 
1. The reaction is faster with electron-donating groups in the dienophile. 
2. The reaction is endothermic. 
3. The diene must adopt the s-cis conformation. 
4. Statements (1) and (2) are true. 
5. Statements (1), (2), and (3) are all true. 


b. Which of the following statements is true about the absorption of ultraviolet light by unsaturated 
systems? 
1. 1,4-Pentadiene requires light having a wavelength « 200 nm for electron promotion. 
2. 1,3-Cyclohexadiene absorbs ultraviolet light with a wavelength > 200 nm. 
3. As the number of conjugated п bonds increases, the energy difference between the excited 
state and ground state decreases. 
4. Statements (1) and (2) are true. 
5. Statements (1), (2), and (3) are all true. 


. Which of the following compounds contains a labeled carbon atom that is sp* hybridized? 


e 


Cr от С? 


1. А only 

2. B only 

3. C only 

4. A and B 

5. A, B, and C 


d. Which of the following represent valid resonance structures for A? 


+ + 
NH3 МН» NH2 ^ NH2 
CC С" oC Wo 


n 4. Both (1) and (2) are valid resonance structures. 


5. Structures (1), (2), and (3) are all valid. 


2. Name the following compounds and indicate the conformation around the o bond that joins the 
two double bonds. 
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3.a. Consider the four hydrocarbons (A-D) drawn below. [1] Which compound absorbs the shortest 


wavelength of ultraviolet light? [2] Which compound absorbs the /ongest wavelength of 
ultraviolet light? 


LI RELY £l 3 


b. Consider the four dienes (A-D) drawn below. [1] Which diene is most reactive in the 
Diels—Alder reaction? [2] Which diene is the /east reactive in the Diels—Alder reaction? 


B С D 


4. Draw the organic products formed in each reaction. In part (b), label the kinetic and 
thermodynamic products. 


a. oM јео + NOW - d 


OCH; indicate 


stereochemistry 
‚ OO те 
(1 equiv) 


с. гу 1] A _ 
[2] СНС Сосн, 


indicate 
stereochemistry 
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5. What diene and dienophile are needed to synthesize the following Diels-Alder adducts? 


О ci ©! 
а. d» b. а 
О 
СНзО e 
DO i 
СНО 


Answers to Practice Test 


1.a. 3 4.a. 5.a 

b. 5 H iS) 

C 4 CH30 CH3O 

d. 1 

CH4O 
H + 
2.a. (47,6Е)-6,7-йећу1-2- o " 
methyl-4,6-decadiene, s-trans (both H's up or both H's down) Th 
о 


b. (2Z,AE)-3-ethyl-6,6-dimethyl- 
2,4-nonadiene, s-trans 


b. 
CI CI 
За. [1] A; [2] С OR hl | { 


b. [1] D; [2] A kinetic 


+ 


thermodynamic 


C. 
E sos 


СОСН; 
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Answers to Problems 


16.1 Isolated dienes have two double bonds separated by two or more o bonds. 
Conjugated dienes have two double bonds separated by only one o bond. 


/ / 
осе о0о 00 
С 111 
One с bond separates Two o bonds separate One o bond separates Four o bonds separate 
two double bonds = two double bonds = two double bonds = two double bonds = 
conjugated diene isolated diene conjugated diene isolated diene 


16.2 Conjugation occurs when there are overlapping p orbitals on three or more adjacent atoms. 
Double bonds separated by two o bonds are not conjugated. 


АДАМА. ^p. A 


All of the carbon atoms are sp? О A - 

hybridized. Each x bond is а Е Tu d а. This carbon is not sp? hybridized. 
separated by only one c bond. separarea ay огу опоо попа. j 

се а conjugated NOT conjugated 
ь УИ | | 
The two x bonds аге Three adjacent carbon atoms are sp? hybridized 
Separated by three с bonds. and have an unhybridized p orbital. 
NOT conjugated conjugated 


16.3 Two resonance structures differ only in the placement of electrons. All o bonds stay in the 
same place. Nonbonded electrons and т bonds can be moved. To draw the hybrid: 


e Usea dashed line between atoms that have a x bond in one resonance structure and not 
the other. 


Use а д symbol for atoms with a charge or radical in one structure but not the other. 


resonance hybrid: - - 
PN ———- p 1. The + charge is delocalized 
Sh K " р зү on two carbons. 
resonance hybrid: 
b. ( - - + ---8* | The + charge is delocalized 
~) # on two carbons. 
+ Кы 
resonance hybrid: 
e * + ES 8* |The + charge is delocalized 
on two carbons. 


16.4 Syl reactions proceed via a carbocation intermediate. Draw the carbocation formed on loss 
of Cl and compare. The more stable the carbocation, the faster the Sy1 reaction. 
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3-chloro-1-propene CH, - CHCH;CI CH3CH5CH5CI is a 1° halide, which does not react by 
more reactive ап 541 reaction because cleavage of the С-СІ bond 
F + forms a highly unstable 19 carbocation. 
CH2— CH=CH; = = CH2=CH—CH; 
" | 1-chloropropane _ CH3CH;CH;CI 
resonance-stabilized carbocation less reactive 


Two resonance structures delocalize 2j 
the positive charge on 2 C's making CH4CH;CH; 
3-chloro-1-propene more reactive. only one Lewis structure 
very unstable 


16.5 


aN m S 
a. Cn; cu бн-сн-ењ ^ 


Move the charge 
and the double bond. 


CH>=CH-CH=CH-CH, 


O: :0: Q 
|| | + b * 
ыбы “ен снсн; Pc CMs с. СНз—СН-С!: CH3-CH=Cl: 
н h Move the lone pair. 


Move the charge 
and the double bond. 


Ai ~ oo CY 


Move the charge 
and the double bond. 


16.6 То compare the resonance structures remember: 
e Resonance structures with more bonds are better. 
e Resonance structures in which every atom has an octet are better. 
e Resonance structures with neutral atoms are better than those with charge separation. 
e Resonance structures that place a negative charge on a more electronegative atom are 


better. 
no octet one more bond Р 
+ 
NH 
+. “лн, Bw H. + ЕСЫ 
а. СНС МА <= СНС сна“ C €  СНУСН»)зС=0: => СНз(СндзС=0: CHs(CHa)a 0 : 
СНз СН hybrid Сн» 
least stabl least stable one more bond most stable 
east stable опе more bond most stable better resonance structure 
All atoms have an octet. И x m 
better resonance structure intermediate stability 
intermediate stability 
s = Е 
Hor d 
S С C ^ 5 
b. CHs~~~NH сна “SNH сну“ он d $4 a= Y sAn 
least stable negative charge on the hybrid 
more electronegative atom most stable least stable one more bond most stable 
better resonance structure better resonance structure 


intermediate stability intermediate stability 
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16.7 


4 
OCH3 


largest contribution 
more bonds and all 
atoms have octets 


16.8 Remember that in any allyl system, there must be p orbitals to delocalize the lone pair. 


| :0: ён, 
а. ( >= b. сњ-С с. Г! 
:О:— 


sp? hybridized sp? hybridized sp? hybridized 
trigonal planar geometry trigonal planar geometry trigonal planar geometry 


16.9 The s-cis conformation has two double bonds on the same side of the single bond. 
The s-trans conformation has two double bonds on opposite sides of the single bond. 


a. (2E,4E)-2,4-octadiene in the s-trans conformation с. (32,5Z)-4,5-dimethyl-3,5-decadiene in 
ae чы both the s-cis and s-trans conformations 


double bonds on opposite sides 


Z 
s-trans D, 2 
b. (3E,5Z)- 3,5-nonadiene in the s-cis conformation =o И s-trans 
2 


4 
2 
/ 2 
' —- E 
double bonds on the same side 
s-cis 
16.10 
s-cis 
conjugated 
s-trans conjugated тй 2 А ОН 
conjugated =, isolated i 
jug fz à o „ 18018180 
b Z == OH 
HO 2/ A | 
. isolated 
isolated 


16.11 Bond length depends on hybridization and percent s-character. Bonds with a higher percent 
s-character have smaller orbitals and are shorter. 


| | 


НС=С"СЕСН CH=CH CH=CH; сна CH; 
sp hybridized carbons sp? hybridized carbons sp? hybridized carbons 
5096 s-character 33% s-character 25% s-character 


shortest bond intermediate length longest bond 
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16.12 Two equivalent resonance structures delocalize the л bond and the negative charge. 


"n" u- " :05- 
SO: |: пура: J S These bond lengths are equal 


oe Se because they are identical. 


16.13 The less stable (higher energy) diene has the larger heat of hydrogenation. Isolated dienes 
are higher in energy than conjugated dienes, so they will have a larger heat of hydrogenation. 


a. кы мы or du din 
Double bonds separated by Double bonds separated by 
one с bond = conjugated diene two c bonds = isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 
О a O 
Double bonds separated by Double bonds separated by 
one c bond = conjugated diene two с bonds = isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 


16.14 Isolated dienes are higher in energy than conjugated dienes. Compare the location of the 
double bonds in the compounds below. 


0 conjugated double bonds 2 conjugated double bonds 3 conjugated double bonds 
least stable intermediate stability most stable 


16.15 Conjugated dienes react with HX to form 1,2- and 1,4-products. 


а. CH,-CH-CH-CH-CH-CH, € сн, CH-CH—CH-CH-CH, + CH,-CH-CH-CH-CH-CH; 
H CI H Cl 
Cl 1,2-product 1,4-product 
B UM HCI ы 
isolated diene 
Cl 


CY 
« 1 HCI o. 
n 
| c 
This double bond is more reactive, so C is probably a minor product 
because it results from HCI addition to the less reactive double bond. 
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16.16 The mechanism for addition of DCI has two steps: 
[1] Addition of D' forms a resonance-stabilized carbocation. 
[2] Nucleophilic attack of CI forms 1,2- and 1,4-products. 


[1] А 
L— и === | 


Me 4 H D +e 
ш [2] 
[2] e 
+ | 
CI 
D D 


16.17 Label the products as 1,2- or 1,4-products. The 1,2-product is the kinetic product, and the 
1,4-product, which has the more substituted double bond, 15 the thermodynamic product. 


This is C1. The H added here. The H added here. 
CH 
CH; * сна 
HCI 
pex loe 
| а 
This is C4. 1,2-product 1,4-product 


kinetic product thermodynamic product 


16.18 To draw the products of a Diels—Alder reaction: 
[1] Find the 1,3-diene and the dienophile. 
[2] Arrange them so the diene is on the left and the dienophile is on the right. 
[3] Cleave three bonds and use arrows to show where the new bonds will be formed. 


COOH ma. ^ 
OX oUm 2-20 
D x COOH 


COOH 
diene dienophile 
CH3 re-draw ZN A 
27 + = IN COOCH; 
COOCH, СН ~COOCH3 CH3 
diene dienophile 
Rotate to 
make it s-cis. 
re-draw NL о А о 
с. 2909 + ~ T2 
о 
dienophile diene 
Rotate to 


make it s-cis. 
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16.19 Fora diene to be reactive in a Diels—Alder reaction, a diene must be able to adopt an s-cis 


conformation. 

EL ees E 

| rotate 

s-trans S-cis 

cannot rotate most reactive 
unreactive # \ 
The diene is always in the 
S-cis s-cis conformation. 


reactive 


16.20 Zingiberene reacts much faster than B-sesquiphellandrene as a Diels—Alder diene because its 
diene is constrained in the s-cis conformation. The diene in B-sesquiphellandrene is 
constrained in the s-trans conformation, so it is unreactive in the Diels—Alder. 


16.21 Electron-withdrawing substituents in the dienophile increase the reaction rate. 


H H M 
CH,-CH; CH,-Q С=С 
СООН HOOC COOH 
no electron-withdrawing groups one electron-withdrawing group two electron-withdrawing groups 
least reactive intermediate reactivity most reactive 


16.22 A cis dienophile forms а cis-substituted cyclohexene. 
A trans dienophile forms a trans-substituted cyclohexene. 


сњаоос COOCH; A COOCH3 .COO0CHs 
a. s с=с А Y 
> / ` Ж, 
H H COOCH; 'COOCHs 


cis dienophile cis-substituted products 
CH300C H A COOCH3 „~< COOCH 
b. Е = e 
H COOCH; '""COOCHs COOCH; 
trans dienophile trans-substituted products 
О 
О О 
H д 
с Zo + A 
+ 
б VY ^ identica” ~ A 
О identical О 
cis dienophile 


cis-substituted product 
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16.23 The endo product (with the substituents under the plane of the new six-membered ring) is the 
preferred product. 


А 
-" +  CH,-CHCOOCH, = / 
COOCH; endo substituent 


COOCH; 
A 
eG а 
COOCH; COOCH, both groups endo 


COOCH; 
16.24 To find the diene and dienophile needed to make each of the products: 
[1] Find the six-membered ring with a C-C double bond. 


[2] Draw three arrows to work backwards. 
[3] Follow the arrows to show the diene and dienophile. 


COOCH;CHs COOCH,CH, Z COOCH;CH; 
a. O к==ә ex =к==ә C Ба | 
SS 
сно COOCH; СНзО COOCHs CH4O COOCH; 
b. a- > + Í 
я SS 


“COOCH; “COOCH; CH,00C 
Сге! ci ©! 
н н О 
©. A H (7 H CI 
то о О = + | О 
| CI 
о о 
О О О 
16.25 
сњо SENE 
е Q9) 425 
+ — № | 
N C) © + о (+ enantiomer) 
NE Е € но 
А 


16.26 Conjugated molecules absorb light at a longer wavelength than molecules that are not 


conjugated. 
27 x 
a. ZA aN or ZS b. or 
SS Z 
conjugated not conjugated all double bonds conjugated one set of 


longer wavelength longer wavelength conjugated dienes 
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16.27 Sunscreens contain conjugated systems to absorb UV radiation from sunlight. Look for 
conjugated systems in the compounds below. 


О О о 
SS 
CH3O OH Снзо 


conjugated system 
could be a sunscreen 


16.28 
2 
a 27 
3 5 | 
-— — s-cis conformation 
pP 
4 
(2Z,4E)-3,4-dimethyl-2,4-heptadiene 
16.29 
О 
а. 


not a conjugated system 


2 


16.30 Use the definition from Answer 16.1. 


CO 
\ 
3 1 bonds with only 


1 с bond between 
conjugated 


о. 


3 n bonds with 2 or 
more c bonds between 
NOT conjugated 


СН=СНС=М 


2 multiple bonds with only 
1 6 bond between 
conjugated 


CT 
| не C is sp?. 


1 x bond with 
an adjacent sp? hybridized atom 


The lone pair occupies a p orbital, 
so there are p orbitals on 
three adjacent atoms. 


conjugated 


# 
Уз 


s-trans conformation 


conjugated system 
could be a sunscreen 


(2E,4Z)-3,4-dimethyl-2,4-octadiene 


Ay 


1 x bond with 


no adjacent sp? hybridized atoms 


NOT conjugated 


pe 


1 x bond with 
no adjacent sp? hybridized atoms 
NOT conjugated 
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16.31 
isolated isolated 


| | рон о s isolated 


С. 


А он 
5-НРЕТЕ _ | 


conjugated 


Tm t ad ck 
á on ce d. CHyO—CH=CH>CH, — CH,O-CH-CH-CH, 
+ t | 
MP CH,Ó-CH-CH-CH, 


d D _____ „хем 
2 | 
16.33 
+ ES + 

сн, CH, CH, СН» CH, 

ПО eI со 
+ + 

СМ бн CX. „он Он бон OH 

| шк 007-62 OF 
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16.34 No additional resonance structures can be drawn for compounds (a) and (d). 


т 
AN бсн, = OCH, А z 
b. ——- с. Еф —— | 
№ м 
CH; сна 


16.35 
су 


сш. е E 


resonance hybrid: 


Е Five resonance structures delocalize the negative charge 

5 neg 

5 on five C's, making them all equivalent. 

С» б АП of the carbons are identical in the anion. 
$- 

16.36 
a. CH4—CH-CH;-H CH34CH;CH; -H 
| more acidic | less acidic 
CH,—CH=CH, ~ = CH;-CH—CH, CHsCH2CHe 


Resonance stabilization delocalizes the only one Lewis structure 


negative charge on 2 C's after loss of a proton. 
This makes propene more acidic than propane. 


b. Draw the products of cleavage of the bond. 


ethane CH3—CH3 1-butene CH4- CH?CH-CH; 
-СН + CH СН + CH?-CH-CH; CH5-CH-CH; 
Two unstable radicals form. One resonance-stabilized radical forms. 


This makes the bond dissociation 
energy lower because a more stable radical is formed. 


16.37 Use the directions from Answer 16.9. 


a. (3Z)-1,3-pentadiene іп the s-trans conformation с, (2E,A4E,6E)-2,4,6-octatriene 


Ow Rn 

P 

double bonds on opposite sides d. (2E,4E)-3-methyl-2,4-hexadiene in the s-cis conformation 
s-trans 


) / 
b. (2E,4Z)-1-bromo-3-methyl-2,4-hexadiene | 
Вг. 
ка s-cis 
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16.38 
E 2 


2 


РМА "v" PN bd NZ 


1,4-pentadiene (3E)-1,3-pentadiene (3Z)-1,3-pentadiene 2-methyl-1,3-butadiene 1,2-pentadiene 


A 


S АЕ 


3-methyl-1,2-butadiene 2,3-pentadiene 
16.39 
EN 
xim КАРЕ 2Z4E 2Z4Z 
16.40 
2 
< EE == 
a # МР аа ММУ a ГМИ ам NT 
Е 
(3E)-1,3,5-hexatriene  (3E)-1,3,5-hexatriene (3E)-1,3,5-hexatriene — (3Z)-1,3,5-hexatriene 
both s-cis both s-trans Е . 
different conformations different stereoisomers 


b a and + = = 


(3Z)-1,3,5-hexatriene (32)-1,3,5-ћехатепе 
both s-cis both s-trans 
different conformations 


16.41 Use the directions from Answer 16.13 and recall that more substituted double bonds are more 
stable. 


Increasing heat of hydrogenation 


EL ERR о CI) 


conjugated diene conjugated diene isolated diene isolated diene 
one tetra-, one disubstituted one di-, one trisubstituted one di-, one trisubstituted both disubstituted 
double bond double bond double bond double bonds 
smallest smaller intermediate larger intermediate largest 
heat of hydrogenation heat of hydrogenation heat of hydrogenation heat of hydrogenation 


16.42 Conjugated dienes react with HX to form 1,2- and 1,4-products. 
Br 


a. CY vui CY major product, formed by addition of HBr to 
(1 equiv) the more substituted C=C 


isolated diene 
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Br Br 
HBr 
a " ~ + 22 (Е апа 2 іѕотегѕ сап їогт.) 
equiv 


1,2-product 1,4-product 


Br 
Br B 
SS HBr < 2 g 27 
с. ——— + $ + 
(1 equiv) Br 


1,4-product 1,2-product (E and Z isomers) 
1,4-product 


b. >< 


1,2-product 


16.43 
A m 
xcd 2 ~ СУ inr 
Zo Рон Ae ee 
Br 
Br: 
0 #2 р 
Вг 
Br 
gu e RS disc d 
Br 
16.44 


This cation forms because it is benzylic and resonance stabilized. 


E 
{Убе ФЕ + {ен cro 
S / 
^. dies N | 
—Br d 
:Вг: + 
Т _|*_ Оз — Qnm 


Br 


1 
Cc 


Br 


H 

| + 
"onum 

н> 


B 29 carbocation 
H—Br 


U 


N y CH CH=CH; 


EE + Br. i 
ma Ау ас. Е CHCH;CHs 


ш This 2° carbocation 


is also benzylic, making it 
resonance stabilized, as above. 


С 


16.45 То draw the mechanism for reaction of a diene with HBr and КООК, recall from Chapter 15 
that when an alkene is treated with HBr under these radical conditions, the Br ends up on the 


carbon with more H's to begin with. 
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но OR 


LOR Е | 
ІВ ^ ZA Br ZA + “Вг: 
Вг „л A Br: BON + Br: 
16.46 
C2 
HCI / CH 
| M с4— 
x Y ci Z 
H adds here at C1. CI added at C2. CI added at C4. 
1,2-product 1,4-product 
kinetic product thermodynamic 
product 


Y is the kinetic product because of the proximity effect. H and Cl add across two adjacent atoms. 
Z is the thermodynamic product because it has a more stable trisubstituted double bond. 


Addition occurs at the labeled double bond due to the If addition occurred at the other C=C, 
stability of the carbocation intermediate. the following allylic carbocation would form: 


c. ЈИ + + 
2 m СНз -——- + # CH3 CH, 4 CH; 


it 
The two resonance structures for this allylic 
cation are 19 and 2? carbocations. 


The two resonance structures for this allylic 
cation are 3? and 2? carbocations. 


more stable intermediate | bl 
Addition occurs here. ess stable 


16.47 Addition of HCI at the terminal double bond forms а carbocation that is highly resonance 
stabilized since it is both allylic and benzylic. Such stabilization does not occur when НСІ is 


added to the other double bond. This gives rise to two products of electrophilic addition. 
CI 


INI 
SN HOGI МД а R 
Cy. 1,2-product 
| CI 


2 
(vee —— 1,4-product 


(+ three more resonance structures that delocalize 
the positive charge onto the benzene ring) 
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16.48 There are two possible products: 
disubstituted C=C 


(CHj,C—CH-CH-C(CHys +  (CHs)2C—CH=CH-C(CHa)2 
H Br H Br 


trisubstituted C=C 
1,2-product 1,4-product 


The 1,2-product is always the kinetic product because of the proximity effect. In this case, it is also 
the thermodynamic (more stable) product because it contains a more highly substituted C=C 
(trisubstituted) than the 1,4-product (disubstituted). Thus, the 1,2-product is the major product at 
high and low temperature. 


16.49 The electron pairs on О can be donated to the double bond through resonance. This increases 
the electron density of the double bond, making it less electrophilic and therefore less 
reactive in a Diels-Alder reaction. 


A Е + 
Gn, он бсн, = CH—CH=0CH; 


methyl vinyl ether | 
This C now bears a net negative charge. 


16.50 Use the directions from Answer 16.18. 


a. 24 — +? gu 
adi di on re-draw e | С) 


аіепе dienophile 
COOCHs; COOCHs; „COOCH; 
Жу e XT XX 
TN , 
СІ Кој CI 
diene trans dienophile trans-substituted products 


COOCH3 COOCH; „„СООСНа 
~ EL XX © 
O Ng Cl "а 

diene cis dienophile cis-substituted products 


[9] 
DO = Д 
/ 
diene — dienophile = endo ring 
e. А md — "NI A / 
о  re-draw О H 
-— endo substituent 
о 


diene dienophile 
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О 
Both C=C's of the 
f. ZA or dienophile react so two 
an Diels-Alder reactions 
excess take place. 
diene dienophile 
16.51 Use the directions from Answer 16.24. 
СНз СНз „2 СНз. ,COOCHs 
а. (О + ——== (сосен, === С + Т 
EN 
COOCH COOCH; COOCH 
СНз CH; CH3 
[9] О 
COOCH; COOCH; COOCH; 


BEN 9 27 [~ 
d. > А» + | 
identical 
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16.52 
О О 
ae This pathway is preferred because 
, the dienophile has electron- 
и $ X withdrawing С=О groups that 
make it more reactive. 
О О 
О О 
CH 
AU | = || 2 + 
о CH, 
О | О 
no electron-withdrawing groups 
less reactive 
16.53 
p COOCH; К COOCH, 
а. Z^ + HC=C-COOCH, É L | === Cy 
diene dienophile SON 
CO,CH3 
A COCH 
b. С + CH30,C- C5 C- COCHs - eH | ред TS 
diene dienophile СО;СНа СОСН: 
16.54 
ОСН; OCH3 
CHO 
осн, + "cuo + 
| CHO 
о oH, ese 1,2-disubstituted product ^  1,3-disubstituted product 
ü Or major minor 
| | + The major product is formed when the circled 
+ Zo 
“осн, di C carbons with а 8" and & react. 
К e бг 
resonance hybrids: 
6'осна 
For the 1,2-product, carbons with unlike charges would react. For the 1,3-product, there are no partial 
This is favored because the electron-rich and the electron- charges of opposite sign on reacting 


poor C's can bond. carbons. This arrangement is less attractive. 
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16.55 
p id А 
+ : 
x 4 COOH 
COOH 
COOH 
These are the only two double bonds that are 
conjugated and have the s-cis conformation 
needed for a Diels—Alder reaction. 
16.56 
H ci ^el o 
C A ^ Cl mCPBA А e 
D чи = 4 Cl | A 

C / 1 equiv 
| СІ 
H а! cl’ cl cl’ ci " 
x ч 2 

CI ч ашп dieldrin 

Y а 
This double bond is more electron rich, 
so it is epoxidized more readily. 
16.57 


In each problem, the synthesis must 


begin with the preparation of Д B 2 [> 
cyclopentadiene from dicyclopentadiene. 


dicyclopentadiene 


H 
COOCH; [1] 080, О 
а. / - HO 


А [2] NaHSO3, H2O 
COOC 


cyclopentadiene 


COOCH; 


mCPBA Vit 
О 
C. С ДОНИ A Н, (excess) A [1] NaH 
A 


CHO Pd-C [2] CH;CH»CH,CH,Br 


= 


осе 
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16.58 


diene dienophile 
COOCH, А 
b. PR re-draw ed 
| SN COOCH; COOCH; 
diene dienophile 


16.59 Atransannular Diels—Alder reaction forms a tricyclic product from a monocyclic starting 


material. 
| o> 
| : 
р о 
о 


О 
16.60 
5 "i - + РА 
оњен=сноњон — CHsCH=CHCH, OH, + Вг снаснеснен, + ЊО ——> CHsCH=CHCH,Br 
dm two resonance s 
У structures +В: 
+ 
CH3CHCH- CH» CH,CHCH=CH, 
TN Br 
+ :Вг: 
16.61 
а. (CHj,C-CHCH,CH,CH-CH, HCI (снагс(сђенњенсњсн=сн, + (CH )sC=CHCH,CH,CHCICH, 
isolated diene major product minor product 
I 
b. HI 
~ Ay + AN 
conjugated diene 1,2-product 1,4-product 
О о 
= A у H o 
с. Су + | o 
[9] 
О О 


diene dienophile 
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ен | COOCH; COOCH; 
a ДР COOCH; СТ + CX 


diene trans dienophile 
COOH 
+ f + 
COOH COOH соон 
COOH COOH 
diene cis dienophile 


рејдер 


conjugated diene 
1,2-product 1,4- „ш 


16.62 The more stable the carbocation, the faster the Syl reaction. The carbocation from А is more 
stable because the lone pairs on the О atom of the ОСНз afford additional resonance 


stabilization. 
more stable carbocation 
== al = + = — 
CH34O - CH30 CH, ~ - CH30 СН ~ > СНО + CH 
3 N / 3 N P Am 2 3 N 2 3 = 2 
+ 
A * Br 


+ + = + 
[о Кој FN CH, == CHO ——CH, -——- CHO 4 CH; 


additional resonance structure 
with all atoms having an octet 


s stable carbocation 
О = Br О 
ә CH CH 
aw P л M = 
B + Br "i | 
This resonance structure is 
destabilized because the (4) charge is у-н, 
TAM adjacent to the 8" on the С=О atom. 
16.63 The mechanism is El, with formation of a resonance-stabilized carbocation. 


—" + ae — = Pu" 
Js AAs aa a 22 22 
H 

= : Ó ) 
`+ И : 


T 
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16.64 
ci Вә 
a. 
УДА у —% ИК + did di 
loss of H (from B, С) + С! loss of H (from В C) + С! 
conjugated more substituted 
more stable 


major product 


b. Dehydrohalogentaion generally forms the more stable product. In this reaction, loss of H from the В+ 
carbon forms a more stable conjugated diene, so this product is preferred even though it does not 
contain the more substituted C=C. 


16.65 
singlet at 1.42 ppm 
Hm 
mCPBA О Each Н is a doublet of doublets in the 5.2—5.4 ppm region. 
2 H 22 ue 
isoprene H H 
7 — doublet of doublets at 5.5-5.7 ppm 
two doublets at 2.7—2.9 ppm 

16.66 


1 H: doublet of doublets at 6.0 ppm 
H The IR shows an OH absorption at 


nd HO H их В 3200-3600 ст“. 
|| OH 


OH peak at 1.5 ppm 


Each H is a doublet 6 H: singlet at 1.3 ppm 
of doublets in the 
4.9—5.2 ppm region. 


16.67 
Z gue A pP. 
isolated diene 2 conjugated bonds 3 conjugated bonds 4 conjugated bonds 
shortest wavelength intermediate intermediate longest wavelength 
1 wavelength wavelength 4 
2 3 
16.68 
2 
The phenol makes ferulic acid an ~ С 
antioxidant. Loss of H forms a highly — oo СМ Сон 
stabilized phenoxy radical that inhibits „гё : 5 
radical formation during oxidation. HO The highly conjugated x system 


makes it a sunscreen. 
OCH; akes it a sunscree 


ferulic acid 
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16.69 There are two possible modes of addition of HBr to allene. When H' adds to the terminal 
carbon, a 2? vinyl carbocation is formed, which affords 2-bromo-1-propene after nucleophilic 


attack. 
A 
[I] CH=C=CH; ——* CH,—C=CH, снз-С=сн, 
Н Вг 
d e a ae 2-bromo-1-propene 
:Вг: 


2? vinyl carbocation 


When Н? adds to the middle carbon, an intermediate carbocation with a (+) charge adjacent to the 
C=C is formed. This carbocation is not resonance stabilized (at least initially), because the two C=C’s 
of allene are oriented 90? to each other, a geometry that does not allow for overlap of the С=С with the 
empty p orbital of the carbocation. 


These C=C's are oriented 90° to each other. 


| + 


[2] CH27C-CH, CH2—C=CH, CH2-CH=CH; 
H Br 
H—Br 1° carbocation 
+ ‘Br: 


As а result, path [1] forms a more stable carbocation and is preferred. 


16.70 
cyclohexanamine aniline 
Co = xx rut 
Мн» ( / NH, = ( мн; + other resonance structures 
N is surrounded by 3 atoms and N has a lone pair on an atom 
1 lone pair so it is sp? hybridized. adjacent to a C=C. М must be 


sp? hybridized to delocalize the 
lone pair by resonance. 


Basicity is a measure of how willing an atom is to donate an electron pair. Since the lone pair on the 
N in aniline is delocalized on the benzene ring, it is less available for donation to a proton. This 
makes aniline much less basic. 


16.71 
О 
А HO [1] O3 
Т) EL P fp es [2] (CHa)2S 
О Оз cleaves 
ће С=С. О А i . 
Endo product formed. The Diels-Alder reaction establishes the 


stereochemistry of the four carbons on the six- 
membered ring. All four carbon atoms bonded to the 
six-membered ring are on the same side. 
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16.72 
оо CH; 

2 `0 М СНз 

+ ТА A C EN + О=С=О 
> / 

О О i О 
соосна и COOCH; 
; О 
Diels—Alder B 
reaction loss of СО» 
16.73 
diene 
19 Diels-Alder | Г rd = 
reaction 
^ COCH; 
— у —— 7 + 7 COCH; 
c COCH 
CO;CH; MES CO;CHs 

i | | _ СогСнз two products 

H =6=6– H 
CHsO20 F GOES. utero these alkenes C16H1604 


becomes the dienophile 279 Diels-Alder 
for an intramolecular Diels- reaction 
Alder reaction in a second step. 


16.74 Retro Diels-Alder reaction forms a conjugated diene. Intramolecular Diels—Alder reaction 
then forms N. 


Сосн; CO,CH; 
27 
| AZ 
A C NOCH; 
retro = NOCH; intra- 
Diels-Alder molecular 
3 ү, Diels—Alder | 
HN + reaction HN 
M N 


E? 
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Chapter 17 Benzene and Aromatic Compounds 
Chapter Review 
Comparing aromatic, antiaromatic, and nonaromatic compounds (17.7) 


e Aromatic compound e Acyclic, planar, completely conjugated compound that 
contains 4n + 2 л electrons (и = 0, 1, 2, 3, and so forth). 
e An aromatic compound is more stable than a similar acyclic 
compound having the same number of m electrons. 


e Antiaromatic • Acyclic, planar, completely conjugated compound that 
compound contains 4n m electrons (n = 0, 1, 2, 3, and so forth). 
• Anantiaromatic compound is less stable than a similar acyclic 
compound having the same number of т electrons. 


e Acompound that is not A compound that lacks one (or more) of the requirements to be 
aromatic aromatic or antiaromatic. 


Properties of aromatic compounds 

e Every carbon has a p orbital to delocalize electron density (17.2). 

e They are unusually stable. АН” for hydrogenation is much less than expected, given the number 
of degrees of unsaturation (17.6). 

e They do not undergo the usual addition reactions of alkenes (17.6). 

e 'HNMR spectra show highly deshielded protons because of ring currents (17.4). 


Examples of aromatic compounds with 6 л electrons (17.8) 


C оо о о 


benzene pyridine pyrrole cyclopentadienyl tropylium 
anion cation 


Examples of compounds that are not aromatic (17.8) 


== == 


not cyclic not planar not completely 
conjugated 
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Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 


ОМ он 


Сн; 


Бо 


OH 


ON 


2. Label each compound as aromatic, nonaromatic, or antiaromatic. Choose only one possibility 
Assume all completely conjugated rings are planar. 


f. CX h. j. СҮ d. 


3. Answer the following questions about compounds А-Е drawn below. 


нм 
а [2] [4] 
Ми Q b | М н На 
| 1]— 
СТ бе eC Bs Са 
rk a b 
A B с р Е 
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How is nitrogen N, in compound А hybridized? 

In what type of orbital does the lone pair on М, reside? 

How is nitrogen N» in compound B hybridized? 

In what type of orbital does the lone pair on Ny reside? 

Which of the labeled bonds in compound C is the shortest? 

Which of the labeled bonds in compound C is the longest? 

When considering both compounds D and E, which of the labeled hydrogen atoms 
(Ha, Hy, He, or На) is the most acidic? Give only one answer. 

When considering both compounds D and E, which of the labeled hydrogen atoms 
(Ha, Hy, He, or Ha) is the least acidic? Give only one answer. 


mmo nose 


= 


Answers to Practice Test 


l.a. 2-sec-butyl-5-nitrophenol 2.a. nonaromatic 3.a. sp? 
b. o-isobutyltoluene b. aromatic b.p 
c. 2-tert-butyl-4-nitrophenol c. nonaromatic c. sp? 

d. antiaromatic d. sp? 
e. aromatic e.4 
f. nonaromatic Е3 
5. aromatic 5. Ha 
h. aromatic h. He 
i. antiaromatic 

j. aromatic 


Answers to Problems 


17.1 Move the electrons in the л bonds to draw all major resonance structures. 


o^ МН» o^ МН» o^ NOH она) 
diphenhydramine 


17.2 Look at the hybridization of the atoms involved in each bond. Carbons in a benzene ring are 
surrounded by three groups and are sp? hybridized. 


Csp?-Csp? 

KT 
: zen. 

"| Сзр?—Сзрё | S esc? 
Csp?-H1s Cp-Cp Csp?-Csp? Cp-Cp 


shortest of all 
the indicated bonds 
in (a) and (b) 
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• То пате a benzene ring with one substituent, name the substituent and add the word 


benzene. 


e То патеа disubstituted ring, select the correct prefix (ortho = 1,2; meta = 1,3; para = 1,4) 
and alphabetize the substituents. Use a common name if it is a derivative of that 


monosubstituted benzene. 


• To name a polysubstituted ring, number the ring to give the lowest possible numbers and 
then follow other rules of nomenclature. 


isopropyl group 


a. РАСН(СНа)» 


isopropylbenzene 


1 CHCH; -— ethyl 
2 Т, 
ras 2 


| 3 
iodo Two groups are 1,4 = para. 
p-ethyliodobenzene 


OH Two groups аге 1,3 = meta. 


ivi 


butyl grou 
N73 Lee y! group 
— phenol 
m-butylphenol 


Br ——~2-bromo 


| 
ст 


[—-toluene (СНз group must be at the "1" position, 
if the molecule is named as a toluene derivative.) 


5-chloro 
2-bromo-5-chlorotoluene 


174 Work backwards to draw the structures from the names. 


a. isobutylbenzene 


isobutyl 
а 
b. o-dichlorobenzene 
^ и 
CI 
17.5 


propofol 


с. cis-1,2-diphenylcyclohexane e. 4-chloro-1,2-diethylbenzene 


^ X 
сс 


а. m-bromoaniline f. 3-tert-butyl-2-ethyltoluene 
PASS Br 
22 


NH, + aniline 
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17.6 


Molecular formula C465H44O»: 4 degrees of unsaturation 
IR absorption at 3150-2850 ст“!: sp? and sp? hybridized С-Н bonds 
NMR absorptions (ppm): 

1.4 (triplet, 6 H) о IN о 

4.0 (quartet, 4 H) \ / 

6.8 (singlet, 4 H) 


17.7 Count the different types of carbons to determine the number of "C NMR signals. 


E 
"m cli pe Cp Co 
E 
HOR a | 


CI 


4 types of C's in the benzene ring 


All C's are different. 
6 signals 


7 signals 4 signals 


17.8  Theless stable compound has a larger heat of hydrogenation. 


om В „CH2 


A B 
benzene ring, more stable no benzene ring, less stable 
smaller AH? larger AH? 


17.9 The protons on sp? hybridized carbons in aromatic hydrocarbons are highly deshielded and 


absorb at 6.5—8 ppm whereas hydrocarbons that are not aromatic show an absorption at 
4.5—6 ppm, typical of protons bonded to the С=С of an alkene. 
H 


H H 
b. с. 
а 7 н< " 
H 
not aromatic H H 
M alkene H's ~4.5-6 ppm 4 ne 
aromatic ring aromatic ring 
H's ~6.5–8 ppm H's ~6.5–8 ppm 


17.10 To be aromatic, a ring must have 4n + 2 m electrons. 


16бле 20 ле 22пе 
4n 4n 4n + 2 
4(4) = 16 4(5) = 20 4(5) + 2 = 22 
antiaromatic antiaromatic aromatic 


17.11 


a — o 
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17.12 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the 
ring aromatic in calculating 4и + 2. Lone pairs on atoms already part of a multiple bond 
cannot be delocalized in a ring, and so they are never counted in determining aromaticity. 


a. l) b. 4 с. С) а. | || 


код N^ 
Count one lone pair from O. no lone pair from O With one lone Both N atoms are part of 
4n+2=4(1)+2=6 4n+2=4(1)+2=6 pair from each O a double bond, so the lone 
aromatic aromatic there would be 8 electrons, Pairs cannot be counted: 


If O's are sp? hybridized, the Vois A1) «226 


ring is not completely aromatic 
conjugated. 
not aromatic 
17.13 
27 
М 
| quinine X 
(antimalarial drug) CH4O N is sp? hybridized and the 
lone pair is in an sp? hybrid orbital. 
NNN is sp? hybridized and the lone pair is 
not part of the aromatic ring. 
This means it occupies an sp? hybrid orbital. 
17.14 
a. The five-membered ring is aromatic b, с. sp? hybridized N 
because it has 6 n electrons, two from u lone pair in p orbital 
each л bond and two from the N atom sp? hybridized N CE 
that is not part of a double bond. lone pair in p orbital Y з 
F УГ М, sp? hybridized N 
| Fs Му lone pair in sp? orbital 
m ИВЕТ | $ 
[^N NN sp? hybridized N 
N ay " lone pair in sp? orbital 
2 sp? hybridized N 


lone pair in sp? orbital 
F sitagliptin 


17.15 Since a neutral oxygen atom forms only two bonds, it must always donate its electron pair to 
а delocalized т electron system (like the М atom of pyrrole). It can never be part of a double 
bond, because it would carry a net (^) charge. With nitrogen, however, a N atom can either 
donate an electron pair or be part of a double bond, since N forms three bonds. In a neutral 
five-membered aromatic ring, there are two x bonds (where the O atom cannot be located), 
and only one atom that can donate its electron pair (where the O atom may reside). 


17.16 Compare the conjugate base of 1,3,5-cycloheptatriene with the conjugate base of 
cyclopentadiene. Remember that the compound with the more stable conjugate base will 
have a lower pKa. 
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H H H H H H 
1,3,5-cycloheptatriene 8 x Electrons make this cyclopentadiene 6 x electrons 
pK, = 39 conjugate base aromatic conjugate base 
especially unstable very stable anion 
(antiaromatic). 
Since the conjugate base is unstable, Since the conjugate base is very stable, the pK, 
the pK, of 1,3,5-cycloheptatriene is high. of cyclopentadiene is much lower. 


17.17 The compound with the most stable conjugate base is the most acidic. 


7 2 3 


Conjugate bases: > Es > = > - 


no resonance 2 resonance aromatic conjugate base 
delocalization structures most stable 
most unstable base so The acid is The acid is the 
least acidic acid intermediate in acidity. most acidic. 


O-O-O-O-Q-G—O 


17.19 To be aromatic, the ions must have 4n + 2 л electrons. Ions in (b) and (c) do not have the 
right number of v electrons to be aromatic. 


2 т electrons 10 x electrons 
a. > + 4(0)+2=2 d. 4(2)+2=10 
aromatic aromatic 


17.20 
absorbs at 7.6 ppm The NMR indicates that A is aromatic. The C's of the triple 
Sus М bond are sp hybridized. Each triple bond has one set of 
electrons in p orbitals that overlap with other p orbitals on 
А = adjacent atoms in the ring. This overlap allows electrons to 
delocalize. Each C of the triple bonds also has a p orbital in 
2 the plane of the ring. The electrons in these р orbitals are 


localized between the C's of the triple bond, not delocalized 
in the ring. Although A has 24 ле total, only 18e аге 
delocalized around the ring. 
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17.21 In using the inscribed polygon method, always draw the vertex pointing down. 


[>+ 
2 1 electrons 


All bonding MOs are filled. 
aromatic 


2 antibonding MOs 


1 bonding MO 


17.22 Draw the inscribed pentagons with the vertex pointing down. Then draw the molecular 
orbitals (MOs) and add the electrons. 
Cation: Radical: 


4 п electrons 5 n electrons 
Not all bonding MOs are filled. Not all bonding MOs are filled. 
not aromatic not aromatic 


17.23 Сб would exhibit only one "C NMR signal because all the carbons are identical. 


17.24 
g 
isopropyl gro 
d f d Isopropy! group 
а с | “үд g Answer: p-isopropyltoluene 
` seven lines in '3С NMR (lettered C4-C,) 
А ~ d| Name as a derivative of toluene. nM 
Br| LÀ. 1, 0H е 
ES Answer: 3-bromo-5-nitrophenol 
b. 3 | . ст : 
а 26 Мате аз а derivative of phenol All C's are different, so there are six lines in the ЇЗС NMR. 
Z | 
17.25 
not sp? hybridized 
H aromatic ring | 
H 
N 
NH N, 
ja B ТУМ c. | 
H /^ Y 
not completely А Ө 
conjugated The six-membered ring is aromatic. The bicyclic 
not aromatic бл electrons ring system with the O atom is not completely 
aromatic conjugated, so it is nonaromatic. 

17.26 


a. If the Kekulé description of benzene was accurate, only one product would form in 
Reaction [1], but there would be four (not three) dibromobenzenes (A-D), because 
adjacent С-С bonds are different—one is single and one 15 double. Thus, compounds 
A and B would not be identical. A has two Br’s bonded to the same double bond, but 
B has two Br's on different double bonds. 

b. In the resonance description, only one product would form in Reaction [1], since all C's are 
identical, but only three dibromobenzenes (ortho, meta, and para isomers) are possible. 
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A and B are identical because each C-C bond is identical and intermediate in bond length 
between a C-C single and C-C double bond. 


17.27 


hon Br Br. ` ^ Br 
pon | A. 
3 isomers 2 isomers 3 isomers 1 isomer 


17.28 To name the compounds use the directions from Answer 17.3. 


NH47—— aniline СНзСН» CH2CH2CH3 
CI 


sec-butylbenzene o-chloroaniline СН(СНз)2 
B 1-ethyl-3-isopropyl-5-propylbenzene 
Cl ZN 
| Br 
b. e. ES Br h. or 
CHCH, NH; |-——aniline | Ph 
m-chloroethylbenzene 2,3-dibromoaniline cis-1-bromo-2-phenylcyclohexane 
? |сн а f. i 
3 gf | МО; 
, 
toluene мод ~ |-——phenol (OH at C1) 


p-chlorotoluene 2,5-dinitrophenol 
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17.29 
a. p-dichlorobenzene d. o-bromonitrobenzene g. 2-phenyl-2-propen-1-ol 
C | ^ OH 
Cl NO; 
b. m-chlorophenol e. 2,6-dimethoxytoluene h. trans-1-benzyl-3-phenylcyclopentane 
Cl OCH 3 
CH; CX 
OCH | | р 
ed 5 ог 
c. раодоап пе f. 2-phenyl-1-butene 
CY "O 
HN 
17.30 


а, b. constitutional isomers of molecular formula CgHgCI and names of the trisubstituted benzenes 


c^ о“ о. охо; 


stereoisomers 
for this isomer 


те 
Бет S 


2-chloro-1,3-dimethylbenzene m NEN 4-chloro-1,2-dimethylbenzene 
CI 
CI е 
СІ 
1-chloro-2,4-dimethylbenzene 1-chloro-3,5-dimethylbenzene 2-chloro-1,4-dimethylbenzene 


с. stereoisomers Cl а 


17.31 Count the electrons in the x bonds. Each л bond holds two electrons. 


10 x electrons 7 п electrons 10 x electrons 14 л electrons 12 x electrons 
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17.32 To be aromatic, the compounds must be cyclic, planar, completely conjugated, and have 
Ап + 2 п electrons. 


ps 


i Circled C is not sp?. 
©) пої completely conjugated 
not aromatic 


12 x electrons 
does not have 4n + 2 
1 electrons 
not aromatic 


Circled C's are not sp?. 
not completely conjugated 
not aromatic 


12 x electrons 
does not have 4n + 2 
1 electrons 
not aromatic 


b. | 


CX 


17.33 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the 
ring aromatic in calculating 4и + 2. Lone pairs on atoms already part of a multiple bond 
cannot be delocalized in a ring, and so they are never counted in determining aromaticity. 


5. __ ©: 


а. (7 C. N | 


6 x electrons 9 


counting a lone pair from S 


not aromatic 


© 


" 6 п electrons 
not aromatic 


counting the lone 


4(1)+2=6 pair from N 
aromatic 4(1)+2=6 
aromatic 


d 


NS О: 
d. ) f ( h. 
N^ + 


g. O~ 


Count 


«Б these 2e. 


oe; 
N 


N These lone 
6 x electrons 10 л electrons 6 x electrons, 10 x electrons а оп 
counting a lone pair from О 4(2)+2=10 counting a lone pair from О 4(2) +2 = 10 bonded N 
4(1) 4226 aromatic 4(1) 22-26 aromatic t th 
aromatic aromatic отө, epe 
can't be 
counted. 
17.34 
SQ Circled C's are A Circled C is 
a. not sp?. с. not sp?. 
not aromatic not aromatic 
О 
== | 10 л electrons " 4 т electrons 
b ~ КО / in10-membered ring d. ГАТ 4(1) 24 
4(2) + 2 = 10 antiaromatic 
aromatic 


17.35 


6 1 electrons 
in this ring 


6 т electrons 
in this ring 


(= 
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A resonance structure can be drawn for A that places a negative charge in the five-membered 
ring and a positive charge in the seven-membered ring. This resonance structure shows that 
each ring has six л electrons, making it aromatic. The molecule possesses a dipole such that 
the seven-membered ring is electron deficient and the five-membered ring is electron rich. 


17.36 Each compound is completely conjugated. A compound with 4n + 2 п electrons is especially 
stable, while a compound with 47 m electrons is especially unstable. 


pentalene azulene heptalene 
8 л electrons 10 л electrons 12 л electrons 
4(2) = 8 4(2) +2= 10 6(2) = 12 
antiaromatic aromatic antiaromatic 
unstable very stable unstable 
17.37 
^n | a. Each N atom is sp? hybridized. 
| ОТУ sp? hybridized but b. The three unlabeled М atoms are sp” hybridized with 
No ONA еН pair in p orbital lone pairs in one of the sp? hybrid orbitals. The 
H 2 + ж è 
purine labeled N has its lone pair in a p orbital. 
c. 10 л electrons 
d. Purine is cyclic, planar, completely conjugated, and 
has 10 л electrons [4(2) + 2] so it is aromatic. 
17.38 


a. 16 total л electrons 

b. 14 л electrons delocalized in the ring. [Note: Two of the electrons in 
the triple bond are localized between two C's, perpendicular to ће л 
electrons delocalized in the ring.] 

c. By having two of the p orbitals of the C-C triple bond co-planar with 
the p orbitals of all the C=C’s, the total number of x electrons 
delocalized in the ring is 14. 4(3) + 2 = 14, so the ring is aromatic. 


с 


17.39 А second resonance structure can be drawn for ће six-membered ring that gives it three л 
bonds, thus making it aromatic with six л electrons. 


У ја — MN етет 
№8 VER 
У a нн 


М 
№ NU _ 
0 


6 лт electrons 
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17.40 The rate of an Syl reaction increases with increasing stability of the intermediate carbocation. 


Increasing reactivity 


The aromatic carbocation is 
^» С» (9 delocalized over the whole ring, 


making it a very stable intermediate 


and most easily formed in an Sy1 
4 т electrons 20 carbocation бл electrons е 
antiaromatic aromatic : 
very unstable intermediate very stable intermediate 


Increasing stability 


17.41 


| +н—р + Nat OH 
ку 
HO—H + BN D = | \ D 
I ILL 
Two additional resonance Í \ p Е Í N D 
structures are not drawn. a 
Снн 


17.42 о-Ругопе reacts like benzene because it is aromatic. A second resonance structure сап be 
drawn showing how the ring has six л electrons. Thus, о-ругопе undergoes reactions 
characteristic of aromatic compounds—that is, substitution rather than addition. 


27 2 
Bo) — he! 
Оз 0 о 0 
о-ругопе 6 п electrons 


17.43 
a ДА A. 


cyclopropenyl radical 
A- 


v = LA 
„ б — 42 — C ene D CS CM 
h Н | s " 


pyrrole 
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доо odor or 


phenanthrene 


17.44 


Naphthalene can be drawn as three resonance structures: 


,0G 
-—(b) 


„о ms) 
6-м — С-ы — 


In two of the resonance structures bond (a) is a double bond, and 
bond (b) is a single bond. Therefore, bond (b) has more single 
bond character, making it longer. 


17.45 


pyrrole 


Pyrrole is less resonance stabilized than benzene 
because four of the resonance structures have 
charges, making them less good. 


PN = 
4 ` __ TA E 
uar ет С Cx 
О Ot ion О O+ O+ 
furan 
Furan is less resonance stabilized than pyrrole because its O atom is 
less basic, so it donates electron density less "willingly." Thus, 
charge-separated resonance forms are more minor contributors to 
the hybrid than the charge-separated resonance forms of pyrrole. 


17.46 The compound with the more stable conjugate base is the stronger acid. Draw and compare 


the conjugate bases of each pair of compounds. 
conjugate bases 


а ЈИ ог [5 — — < or (5 
more acidic resonance-stabilized 6 x electrons, aromatic 


but not aromatic ^ more stable conjugate base 
Its acid is more acidic. 


b. [3 or A LLL > ar А 


more acidic 6 x electrons, aromatic antiaromatic 
more stable conjugate base highly destabilized 
Its acid is more acidic. conjugate base 
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y nem (CT + м 


indene 


3-85-65-£5-£p- CE» 
| 
Со CR — Ко — OS 


The conjugate base of indene has 10 л electrons, making it aromatic 
and very stable. Therefore, indene is more acidic than many hydrocarbons. 


17.47 


17.48 

т He -He x 

pee ^ CH; CH; СНз 
CH3 
в Ha Ha 
i is most acidic because its Н, is least acidic because its 
conjugate base is aromatic (6 л electrons). conjugate base has 8 л electrons, 
making it antiaromatic. 

17.49 


Both pyrrole and the conjugate base of pyrrole have 6 x 
electrons in the ring, making them both aromatic. Thus, 
deprotonation of pyrrole does not result in a gain of aromaticity 
since the starting material is aromatic to begin with. 


| [ \ conjugate base 
pyrrole ~ EEG 


electrons and is therefore aromatic. This makes the С-Н bond in 


cyclopentadiene 5, conjugate base о Cyclopentadiene is not aromatic, but the conjugate base has 6 л 
" cyclopentadiene more acidic than the М-Н bond in pyrrole, since 


more acidic——- 
HH 


H deprotonation of cyclopentadiene forms an aromatic conjugate base. 
17.50 
HH HH HH 
= C2 К 
ьн] CNH = - h- - 5 м—н Protonation at C2 forms conjugate acid А 
ai 2 yr = because the positive charge can be 
Сен, А ш delocalized by resonance. There is no 


resonance stabilization of the positive 


pyrrole е Os charge in B. 
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b. HH 
" Loss of a proton from A (which is not aromatic) # x Both C and its conjugate base pyridine are 
| N—H gives two electrons to N, and forms pyrrole, + М-Н aromatic. Since C has six л electrons, it is 
which has six x electrons that can then —= already aromatic to begin with, so there is less to 
A delocalize in the five-membered ring, making it — pK4 — 5.2 be gained by deprotonation, and C is thus less 
pK, = 0.4 aromatic. This makes deprotonation a highly С acidic than A. 
а“ favorable process, and А more acidic. 
17.51 


3 antibonding MOs 2K 
d = 2 nonbonding MOs 
A Є з bonding MOs cyclooctatetraene dianion of 


у cyclooctatetraen 
cyclooctatetraene and its 8 x electrons intu dd 


b. Even if cyclooctatetraene were flat, it has two unpaired electrons in its HOMOs 
(nonbonding MOs) so it cannot be aromatic. 

c. The dianion has 10 л electrons. 

d. The two additional electrons fill the nonbonding MOs; that is, all the bonding and 
nonbonding MOs are filled with electrons in the dianion. 

e. The dianion is aromatic since its HOMOS are completely filled, and it has no electrons in 


antibonding MOs. 
— — = — 
i4 antibonding MOs zm i, antibonding MOs 
== 5 bonding MOs 4- == 5 bonding MOs 
eyelóñonatetřäenýl cyclononatetraenyl cyclononatetraenyl 
cation radical anion 
8 л electrons 9 л electrons 10 х electrons 
antiaromatic not aromatic aromatic 


АП bonding MOs are filled. 


17.53 The number of different types of C's = the number of signals. 


3 1 

CE QUU 1600 

5 3 Ө) 
4 СЊСНа 


5 different C's all unique 3 different C's 4 different C's 
9 different C's 
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17.54 Draw the three isomers and count the different types of carbons in each. Then match the 
structures with the data. 


4 2 6 
5 3 1 4 4 1 
CLA Gn eo 
5 3 1 1 1 2 
4" 2 53435 144 
ortho isomer meta isomer para isomer 
5 types of C 6 types of C 4 types of C 
5 lines in spectrum 6 lines in spectrum 4 lines in spectrum 
Spectrum [B] Spectrum [A] Spectrum [C] 


17.55 


a. Соја: IR absorptions at 3150—2850 (sp? and sp? hybridized С-Н), 1600, and 1500 
(due to a benzene ring) cm" 


'H NMR data: 
Absorption ppm #ofH’s Explanation 
doublet 1.2 6 6 H’s adjacent to 1 H с 
singlet 2.3 3 CH; (СНз)2СН group 
septet 3.1 1 1 H adjacent to 6 H’s =— 
multiplet 7—1.4 4 a disubstituted benzene ring 


You can't tell from these data where the two groups are on the benzene ring. They are not 
para, since the para arrangement usually gives two sets of distinct peaks (resembling two 
doublets) so there are two possible structures—ortho and meta isomers. 


b. СН): PC NMR signals at 21, 127, and 138 ppm — means three different types of C's. 
'H NMR shows two types of H's: 9 H's probably means 3 СН; groups; the other 3 H's 
are very deshielded so they are bonded to a benzene ring. 


Only one possible structure fits: 
CH3 


сна CH; 


с. СзНю: IR absorptions at 3108—2875 (sp? and sp? hybridized С-Н), 1606, and 1496 
(due to a benzene ring) cm” 


'H NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
triplet 1.3 3 3 H’s adjacent to 2 H’s Е ET 
quartet 2.7 2 2 H's adjacent to 3 H's ms 


multiplet 7.3 5 a monosubstituted benzene ring 
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17.56 
a. Compound A: Molecular formula CgH100 
IR absorption at 3150-2850 (sp? and sp? hybridized С-Н) cm” 


'H NMR data: 
Absorption ppm # of H's Explanation Structure: 
triplet 1.4 3 3 H's adjacent to 2 H's ( осн ch 
quartet 3.95 2 2 H's adjacent to 3 H's TUS 
multiplet 6.8—7.3 5 a monosubstituted benzene ring 


b. Compound B: Molecular formula C9H;90; 
IR absorption at 1669 (C=O) ст" 


'H NMR data: 
Absorption ppm  £ZofH's Explanation Structure: 
singlet 25 3 CH; group P 
singlet 3.8 3 СН; group сно— 5-6 
doublet 6.9 2 2 H's on a benzene ring " єн» 
doublet 7.9 2 2 H's on a benzene ring 


о 
// 
с. )-6 
ОСН: 


It would be hard to distinguish 
these two compounds with 
the given data. 


17.57 
3 equivalent H's 
singlet at ~2.3 ppm 
IR absorptions: 


CH * 8 other H's on benzene ring 
i РАЙ 3500-3200 ст“! (O-H) 


(arrows with *) 


at ~6.9 ppm 


3150-2850 ст“! (C-H bonds) 


CH, ‘Сну 


1621 and 1585 ст“! (benzene ring) 
OH 
H 1H 


septet at ~3.2 ppm 


6 equivalent H's 
doublet at ~1.2 ppm 


X 
Thymol must have this basic structure, given the NMR and IR data 
since it is a trisubstituted benzene ring with one singlet and two 
Y doublets in the NMR at ~6.9 ppm. However, which group [OH, CH;, 
2 ог CH(CH3)2] corresponds to X, У, and Z is not readily distinguished 


basic structure of 
thymol 


with the given data. The correct structure for thymol is given. 
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17.58 
С; C3 
C 
1 | | Са 13С NMR has four lines that are located in the aromatic region 
сн, \, 7 о (-110-155 ppm), corresponding to the four different types of 
N carbons in the aromatic ring of the para isomer. The ortho and 
CHa ОСН>СНз meta isomers have six different C's, and so six lines would be 
| | expected for each of them. 
С; Сз 


17.59 Because tetrahydrofuran has a higher boiling point and is more water soluble, it must be more 
polar and have stronger intermolecular forces than furan. There are two contributing factors. 
One lone pair on furan's O atom is delocalized on the five-membered ring to make it aromatic. 
This makes it less available for H-bonding with water and other intermolecular interactions. 
Also, the C—O bonds in furan are less polar than the C—O bonds in tetrahydrofuran because of 
hybridization. The sp? hybridized C's of furan pull a little more electron density towards them 
than do the sp? hybridized C's of tetrahydrofuran. This counteracts the higher electronegativity 
of O compared to C to a small extent. 


<—— sp?C 
sp? С =. ЖЩ | 


: less polar C-O bond 
more polar C-O bond 


delocalized 
17.60 
а, b. ..-—— electron pair in an sp? hybridized orbital 

РМ 

м_ 7 The ring system is aromatic with 10 л electrons, 8 x 
“и electrons from the double bonds and 2 л electrons 
from the N atoms common to both rings. 
О zolpidem 


electron pair in a p orbital 
so it can delocalize N(CHs)2 
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LAN у= Av у= 
“LAI каш БЕ сор са 


N(CH3)z N(CH3)2 


N 
< > | li N 
N A 
Ve 
О О О 
N(CH3)z М(СНа)2 N(CH3)z 


AN N Ñ 
9 o 
N(CHs)2 мень 
17.61 
Н 
о 0) o о 
SS | AS 
p (| = | 
HO OH HO sp? OH 
OCH; curcumin OCH; ОСН: keto form OCH, 


The enol form is more stable because the enol 
double bond makes a highly conjugated 
system. The enol OH can also intramolecularly 
hydrogen bond to the nearby carbonyl O atom. 
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О О 
Su Ao 
Ше ys 
HO OH HO 
OCH OCH, 
The enol O-H proton is more acidic than an ы 22 
alcohol О-Н proton because the conjugate 
base is resonance stabilized. HO OH 


OCH; OCH; 


c. Curcumin is colored because it has many conjugated л electrons, which shift absorption of 
light from the UV to the visible region. 


d. Curcumin is an antioxidant because it contains a phenol. Homolytic cleavage affords a 
resonance-stabilized phenoxy radical, which can inhibit oxidation from occurring, much 
like vitamin E and BHT in Chapter 15. 


ie o o БУ. 
<> -> = (+ other resonance structures) 
О О о о Y 


phenoxy radical 
Resonance delocalizes the radical on the ring and C chain of curcumin. 


17.62 а. Pyrazole rings are aromatic because they have six л electrons—two from the lone pair on 
the N atom that is not part of the double bond and four from the double bonds. 
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d. The N atom in the NH bond in the pyrazole ring is sp? hybridized with 33% s-character, 
increasing the acidity of the N-H bond. The М-Н bond of CH3NH» contains an sp? 
hybridized N atom. 


17.63 Both A and B are cyclic, and if the lone pair of electrons on N is in a p orbital, they are 
completely conjugated with 10 л electrons, a number that satisfies Hückel's rule. To be 
aromatic, A and B must be planar, and the internal bond angles of A and B would be much 
larger than 1209, the theoretical bond angle of sp? hybridized C's. The fact that А is aromatic 
means that the lone pair on N occupies a p orbital, so it can delocalize on the nine-membered 
ring. The stabilization gained by being aromatic is greater than any angle strain. With B, the 
lone pair оп М is also delocalized on the C=O, making it less available for donation to the 
ring, so the ring is not aromatic. 


8 Mus :0: EN :0: 
/ :NH / NS. / AN 
OCH,CH, ~~ OCH5CHs 
Ww Z7 Ww A Ww Z7 
A B 


2 electrons in a p orbital Electron pair is less available so 
the ring is not aromatic. 
10 л electrons 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 475 


Benzene and Aromatic Compounds 17—23 


17.64 With 14 л electrons in the double bonds, the system is aromatic [4(3) + 2 = 14 л electrons]. 
The ring current generated by the circulating т electrons deshields the protons on the C=C’s, 
so they absorb downfield (8.14—8.67 ppm). The CH; groups, however, are very shielded 
since they lie above and below the plane, so they absorb far upfield (—4.25 ppm). The 
dianion of С now has 16 л electrons, making it antiaromatic, so the position of the 
absorptions reverses. The C=C protons are now shielded (—3 ppm), and the CH; protons are 
now deshielded (21 ppm). 


—4.75 ppm m 21 ppm = 2= 
се [ae Т ~ 
C dianion 


17.65 А second resonance structure for А shows that the ring is completely conjugated and has six 
д electrons, making it aromatic and especially stable. A similar charge-separated resonance 
structure for B makes the ring completely conjugated, but gives the ring four л electrons, 
making it antiaromatic and especially unstable. 


C o [on c О [om 
A бт electrons B 4 т electrons 
aromatic antiaromatic 
stable not stable 


17.66 The conversion of carvone to carvacrol involves acid-catalyzed isomerization of two double 
bonds and tautomerization of a ketone to an enol tautomer. In this case the enol form is part 
of an aromatic phenol. Each isomerization of a С=С involves Markovnikov addition of a 
proton, followed by deprotonation. 


б б 9 © осн 
———- у ——— 
= нво HE: [^ HSO,4 H w^ 
Re \ 5 H-OSO3H 
SS HE PS03H > ve? 
(R)-carvone | 
.. + 
Он COH 
HSO, + = > 
H 
но, 


carvacrol 
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17.67 Resonance structures for triphenylene: 


S S 

Q "m EJ awe 
Cee 606490 =. А. 
АС) dE 2O el 
27 ES ~ D 

PPM aN "d 3 > LA 
X- С pee =. ES 

E H p” 6 LA E 2 


Resonance structures А-Н all keep three double and three single bonds in the three six-membered 
rings on the periphery of the molecule. This means that each ring behaves like an isolated benzene 
ring undergoing substitution rather than addition because the л electron density is delocalized within 
each six-membered ring. Only resonance structure I does not have this form. Each С-С bond of 
triphenylene has four (or five) resonance structures in which it 1$ a single bond and four (or five) 
resonance structures in which it is a double bond. 


Resonance structures for phenanthrene: 
A B C D E 


With phenanthrene, however, four of the five resonance structures keep a double bond at the labeled 
C's. (Only C does not.) This means that these two C's have more double bond character than other 
C-C bonds in phenanthrene, making them more susceptible to addition rather than substitution. 


17.68 


(СО: :0: Ter 

^ / / 
CS = CS —4 Жж 

H мн 1 н 


113 ррт | 130 ppm | 
The negative charge апа The positive charge and 
increased electron density make decreased electron density make 
the carbon more shielded and the carbon deshielded and shift 
shift the absorption upfield. the absorption downfield. 
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Chapter 18 Reactions of Aromatic Compounds 


Chapter Review 


Mechanism of electrophilic aromatic substitution (18.2) 

e  Electrophilic aromatic substitution follows a two-step mechanism. Reaction of the aromatic ring 
with an electrophile forms a carbocation, and loss of a proton regenerates the aromatic ring. 

e The first step is rate-determining. 
The intermediate carbocation is stabilized by resonance; a minimum of three resonance structures 
can be drawn. The positive charge is always located ortho or para to the new C—E bond. 


te ete СА 
(+) ortho to E) (+) para to E ) (+) ortho to E) 


Three rules describing the reactivity and directing effects of common substituents (18.7—18.9) 
[1] АП ortho, para directors except the halogens activate the benzene ring. 

[2] АП meta directors deactivate the benzene ring. 

[3] The halogens deactivate the benzene ring. 


Summary of substituent effects in electrophilic aromatic substitution (18.6—18.9) 


Substituent Inductive effect s uM Reactivity Directing effect 
[1] donating none activating ortho, para 
[2] withdrawing donating activating ortho, para 
[3] withdrawing donating deactivating ortho, para 
X = halogen 
y (6*or + 
[4] D withdrawing withdrawing deactivating meta 
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Five examples of electrophilic aromatic substitution 
[1] Halogenation—Replacement of H by Cl or Br (18.3) 


ua 


aryl chloride aryl bromide 


Polyhalogenation occurs on 
benzene rings substituted by 
OH and NH» (and related 
substituents) (18.10A). 


ey" 


benzenesulfonic 
acid 


alkyl benzene 
(arene) 


Rearrangements can occur. 

Vinyl halides and aryl halides are unreactive. 
The reaction does not occur on benzene rings 
substituted by meta deactivating groups or МН» 
groups (18.10B). 


e  Polyalkylation can occur. 


[1] with alcohols CY == == CY 
Н2$04 


Н 
[2] with alkenes Св cy 
H5SO, 
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[5] Friedel-Crafts acylation—Replacement of H by RCO (18.5) 


e The reaction does not occur on benzene rings 
substituted by meta deactivating groups or 
МН) groups (18.10B). 


ketone 


Nucleophilic aromatic substitution (18.13) 
[1] Nucleophilic substitution by an addition-elimination mechanism 


e The mechanism has two steps. 


Ми. e Strong electron-withdrawing groups at the 
& 2 (ром ortho or para position are required. 


A A e Increasing the number of electron- 
X =F, Cl, Br, I withdrawing groups increases the rate. 
A = electron-withdrawing group e Increasing the electronegativity of the halogen 


increases the rate. 


[2] Nucleophilic substitution by an elimination—addition mechanism 


:Nu e Reaction conditions are harsh. 
X Nu E А б 
e  Benzyne is formed as an intermediate. 
X = halogen e Product mixtures may result. 


Other reactions of benzene derivatives 
[1] Benzylic halogenation (18.14) 


Bro 


R hv or A 
ог 
NBS 


hv or ROOR 


• A benzylic C-H bond is needed for reaction. 


benzoic acid 
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[3] Reduction of ketones to alkyl benzenes (18.15B) 


С Zn(Hg), HCI 
or 


NH2NH», "OH 


МО; H5, Pd-C NH, 
or 
Fe, HCI 


aniline 


Practice Test on Chapter Review 


1.a. Which of the following statements is true about an ethoxy substituent (-OCH2CHs3) on a 

benzene ring? 

1. OCH;CH; increases the rates of both electrophilic substitution and nucleophilic substitution. 

2. OCH2CH; decreases the rates of both electrophilic substitution and nucleophilic substitution. 

3. ОСЊСН; increases the rate of electrophilic substitution and decreases the rate of nucleophilic 
substitution. 

4. ОСН›СН: decreases the rate of electrophilic substitution and increases the rate of nucleophilic 
substitution. 

5. None of these statements 1s true. 


b. Which of the following statements is true about a -CO;CH; group оп a benzene ring? 

1. СОСН; increases the rates of both electrophilic substitution and nucleophilic substitution. 

2. СО›СН: decreases the rates of both electrophilic substitution and nucleophilic substitution. 

3. CO;CH; increases the rate of electrophilic substitution and decreases the rate of nucleophilic 
substitution. 

4. СО›СН: decreases the rate of electrophilic substitution and increases the rate of nucleophilic 
substitution. 

5. None of these statements 1s true. 
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c. Which ofthe following is пог a valid resonance structure for the carbocation that results from 
ortho attack of an electrophile on CsHsC(CH3)=CH2? 


E E 
E E 
2. Draw the organic products formed in the following reactions. 


a њ- ) [1] CHsCH»CH,COCI, AlCl | C) (9) осн, — 2 
2 сн, с м 
[2] Zn(Hg), НС! H280, 


Br 
mE HNO3 Fe о ; 
b. WP CN - - Е " Вг» (1 equiv) 
H2SO, HCI H FeBr, 
8 KMnO4 = NaOCHCHs 


У 


HNO H = 
d. сњо—(_ =o db PONE NR С NaOH _ 
HSO,  Pd-C \ / ^ 


3. (a) Considering the compound drawn below, which ring is most reactive in electrophilic 
aromatic substitution? Which ring is the least reactive in electrophilic aromatic substitution? 


ЖЕ ДД E 
zo o а 


4. Classify each substituent as [1] ortho, para activating, [2] ortho, para deactivating, or [3] meta 


deactivating. 
a. —Br c. -COOH e. -N(CH2)s6COCH3 
b. -CH;CH;CH;Br d. CNHCOCH;CH; f. -CCl 
5. What reagents are needed to convert toluene (CsHsCH3) to each compound? 
a. СоН5СООН c. p-bromotoluene e. p-ethyltoluene 
b. CeHsCH>Br d. o-nitrotoluene f. 


О 
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Answers to Practice Test 


2. 3. 


E 
B а о les 5. a. KMnO4 
N 


b. Br, hv 

СОН Н с. Вто, ЕеВтз 
& X d. HNO3, H2SO4 

CO;H e. CH3CH;CI, AIC]; 

9. ом—{ | осњсн, Е СЊСЊСОС], AICI 
НМ 
d. њо (уон Уунан 
+ OH 


Answers to Problems 


18.4 The electrons of benzene are delocalized over the six atoms of the ring, increasing 
benzene's stability and making them less available for electron donation. With an alkene, the 
two л electrons are localized between the two C's, making them more nucleophilic and thus 
more reactive with an electrophile than the delocalized electrons in benzene. 


18.2 
YN н 


"DN E P У " 
в or dius 
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18.3 Reaction with Cl; and FeCl; as the catalyst occurs in two parts. First is the formation of an 
electrophile, followed by a two-step substitution reaction. 


+ 


—- :Cl-Gi-FeCl, 
Lewis base Lewis acid electrophile 


H " H H H 
"E а! а! а! 
| ЈУ | ch feos = Ni EI «pr + Feely 


resonance-stabilized carbocation 
HT AN Feci а 
[3] Cy CY + HCl + FeCl, 


18.4 There are two parts in the mechanism. The first part is formation of an electrophile 
second part is a two-step substitution reaction. 


7 OD. 


с ое 5 *SOsH| + н5ог 


. Тће 


electrophile 


H H H H 
CY a Gyo 
R R R R 


resonance-stabilized carbocation 
D SO3H 
+ H2SO4 
R 


18.5 Friedel-Crafts alkylation results in the transfer of an alkyl group from a halogen to a benzene 
ring. In Friedel-Crafts acylation an acyl group is transferred from a halogen to a benzene ring 


om 
TO + (CH3)2CHCI o О 
ш C C -cu,cH 
Ри“ 2 3 
с. © + CHCH; CI АСЕ СУ 
а! 
(D CT 
АС 


^^ sol 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


484 


Chapter 18—8 


18.6 Remember that an acyl group is transferred from a Cl atom to a benzene ring. To draw the 
acid chloride, substitute a Cl for the benzene ring. 


2 } i 
C —— | ^ 
a. O "CH;CH;CH(CHg); сі“ ^ CH,CH,CH(CHg, ©- Cr G TEN Cr 8 


18.7 То be reactive in a Friedel-Crafts alkylation reaction, the X must be bonded to an sp 
hybridized carbon atom. 
Br B Br B 
r 
sp? sp? 5р sp? 
unreactive reactive 


reactive unreactive 


18.8 The product has an *unexpected" carbon skeleton, so rearrangement must have occurred 


sarc, Оз — * _4.0-H shift Hs 
[1] Сн» C CH» -CI: > CH3 e CHa-CI-AICIs СНз—С— СНз 
4 i + 
i j | + АІС 
Rearrangement 


H 


H 
CCHa- C(CH3)3 C(CH3)s 
^ cH, == 


E^ т 
ш С(СНаз 
CY + HCl + АС 


а Cu es. 
18.9 Both alkenes and alcohols can form carbocations for Friedel-Crafts alkylation reactions 


о-о OO О = 
C. + —— 
(СНз)з OH 
HSO 
Je TM О-О 
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а! о: а с! £m ci 
- : ED 
A ig A-a ChAI- CES + АСМ № 
а 


$ TES 
- Lo БАС C2 


CI 


18.11 In parts (b) and (c), a 1,2-shift occurs to afford a rearrangement product. 


ы B C — 
их 


НЕ 


18.12 
а. —CHCH2CH2CH3 b. —Br с. —ОСН»СНа 
alkyl group halide electronegative O 
electron donating electron withdrawing electron withdrawing 
18.13 


Electron-donating groups place a negative charge in the benzene ring. Draw the resonance 
structures to show how —OCH; puts a negative charge in the ring. Electron-withdrawing 


groups place a positive charge in the benzene ring. Draw the resonance structures to show how 
–СОСНз puts a positive charge in the ring. 


2 core Р 29`сн, Фе en. Cy SCH 
5 E CUR 
. <A E 


486 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 18—10 


C. I Cs ES C 
b. СНз on CH3 2 “СНз 2 ОСН; 
E —. 


18.14 То classify each substituent, look at the atom bonded directly to the benzene ring. All К 
groups and Z groups (except halogens) are electron donating. All groups with a positive 
charge, à , or halogens are electron withdrawing. 


OCH, І C(CH3); 
OU c c 


lone pair on O halogen R group 
electron donating electron withdrawing ^ electron donating 


18.15 Electron-donating groups make the compound react faster than benzene in electrophilic 
aromatic substitution. Electron-withdrawing groups make the compound react more 
slowly than benzene in electrophilic aromatic substitution. 


2 2 
С. ON C. Cl Cl 
сс 
NO; 
electron withdrawing halogen + а 
reacts slower electron withdrawing 
CN O;N CN reacts slower 
Spr. == 1 i 
CH2CH3 CH2CH3 
electron withdrawing e. 
reacts slower = 
NO; 
OH R group + 
с. Ви EH electron donating CH;CH; 
EE * reacts faster LY 
NO» ON 
lone pairs on O BOUM ON 


electron donating 
reacts faster 


18.16 Electron-donating groups make the compound more reactive than benzene in electrophilic 
aromatic substitution. Electron-withdrawing groups make the compound less reactive than 
benzene in electrophilic aromatic substitution. 


+ 
C(CH3)s OH COOCH;CHs N(CH3)3 
O >С, C “С 
OH 


R group two OH's C with 2 electronegative O's electron withdrawing 
electron donating electron donating electron withdrawing less reactive 
more reactive more reactive less reactive 
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Or occ 


18.17 


halogen lone pairs on O 
electron ОКЕЙ intermediate electron donating 
least reactive reactivity most reactive 


18.18 Chlorine inductively withdraws electron density and decreases the rate of electrophilic 
aromatic substitution. The closer the Cl is to the ring, the larger the effect it has. The larger 
the number of Cl’s, the larger the effect. 


CI 


CI 
Cl (Y ° Cy ~ 
least reactive intermediate most reactive 
reactivity 


18.19 Especially stable resonance structures have all atoms with an octet. Carbocations with 
additional electron donor R groups are also more stable structures. Especially unstable 
resonance structures have adjacent like charges. 


CL C(CH3)3 С(СНз)з + „С(СНз)з 
а. 


n Шр, 
cedes stable with additional R group 
stabilized carbocation 


sa 59 = + 
Он А OH vou OH 
CM — С 
+ МО; NO; NO; NO; 


especially stable 
АП atoms have an octet. 


CHO CHO А CHO ae Cy + ©, 
C. 
H H 
c © + МО; МО; 


especially Mom 
2 adjacent (*) charges 


OH 
© 
оты, 


18.20 Polyhalogenation occurs with highly activated benzene rings containing OH, МН», and 
related groups with a catalyst. 


OH OH OH OH OH CH; CH; СНз 
а, © а! Clo а! Ch а! 
FeCl, b. i e FeCl, х 
а! а! а! 
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18.21 Friedel-Crafts reactions do not occur with strongly deactivating substituents including МО», 
or with NH2, МВ», or NHR groups. 


CHsCI | 
а. (sont ==. no reaction c. месн), _CUsCl_ no Friedel-Crafts 
| МС АСЫ reaction 


strongly deactivating 


CH, СНз 

qux CH«4CI =. й (| нноосн, CHCl | NHCOCH 

b. а! з”, Cl + CH, а! АСВ * 
V 7 "BW, | 


Cl is an o,p 
director. OM. )-NHcoon, 


18.22 То draw the product of reaction with these disubstituted benzene derivatives and HNO;, 
H5SO, remember: 
e Ifthe two directing effects reinforce each other, the new substituent will be on the 
position reinforced by both. 
e Ifthe directing effects oppose each other, the stronger activator wins. 
e No substitution occurs between two meta substituents. 


T 5 
OCH, OCH, d. бн oi 
НМОз NOS "t НМОз ON МО» МО» 
а. с. 
#50, Н;80, + 
L. 
COOCH3 COOCH3 NO 
о,р Е 
теѓа ТИТ | 
o,p (strong 
осн: ^ OCH, OCH, e e e 
Br HNO3 ON Br Br HNO3 ON 
b. | + d. + 
op №0: Br H»SO, Br Br 
P 
oppose NO; | NO2 
products due to о,р 


ОСН. directing effects 


18.23 


O 805, H2SO4 O Cl, FeCl, Å ‚еее. СНЗСІ, АЈС 
а. > 
| SOH SOH 


Put meta director on first. 


" O CICOCH; . Ф HNO3, H,SO, Ф 
АЮБ CH3 сна 


(+ T isomer) Br goes on to 
the stronger activator. 
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18.24 
О; ON 5 5 
а! осњ 
МО; NO; 
18.25 
N(CH N(CH 
нЕ “. N(CHg)2 мнз) 
F4C ЕС 
\ e 
—ОС(СНУз + HOC(CHjS CFs (+ 2 additional + Cl 
ФУ resonance structures) 
а! 
18.26 
мамн> 
а Cl NH; 
NH3 
ст NaOH 
b. сню— а - сњо OH + сњо 
нњо 
А OH 
KNH; 
с. а! МН, + 
NH3 
NH3 
18.27 


Q RO Oo 


el Two different benzynes are possible. 


Jo 


NH, HN 
Ortho, meta, and para products are formed. 


18.28 This reaction proceeds via a radical bromination mechanism and two radicals are possible: 
A (2? and benzylic) and B (1°). Since B (which leads to CsHsCH2CH>Br) is much less stable, 
this radical is not formed so only C6HsCH(Br)CHs3 is formed as product. 
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[p = OA b 
or 
B 


2° and EE 


a | 


C 


only product not formed 


Вг; *-OC(CHs)3 < 
РеВгз 


(+ рага ш! 
Вг 
Вг NaOH 
o J = oe e 
Br 
Bro K*-OC(CHg)s Su. mCPBA 
hv 
4 У“ [1] BH; 
| [2] НО», HO- 


18.30 First use an acylation reaction, and then reduce the carbonyl group to form the alkyl benzenes. 


О 
И 


CH2CH2Br 


18.29 


Bro 
hy 


C 
fem C. Zn(H HCI CH2CH2CH2CH2CH 
a. © CI CH2CH2CH2CH3 O CH2CH2CH2CH3 n(Hg) + HC n Cy PARAR 2 A3 
АСЗ 


О 
Г И 


b O ci e J e Zn(Hg) + HCI (Cy 
АСВ 


үе о ? 
© О Zn(Hg) JLO P 
АСЬ HCI АСВ 


О p-isobutylacetophenone 
(+ ortho isomer) 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 491 


Reactions of Aromatic Compounds 18-15 


18.32 
EN СНС! CH3 KMnO, COOH 
a. 
MZ AIC 
b 5 HNO; on Н, on 
М2 H5S0, Pd-C 
(^w CHCI CY Br; CX KMnO, C 
C. 
Z B 
М2 AICl, FeBrg Br Br 
(+ para isomer) 
18.33 
CH 
О о CH3 `с20 
С 
" © CICH;CH; CI^ ^ CH, 505 
АС! АС! HSO. 
3 К 29-4 HOS 
CH2CH3 CH2CH3 CH2CH3 


(+ ortho isomer) 
Br-— o,p director 


Br 
‚р directo „С "C 
бое -Q, " 
ссн, АС «СНз pepr, с°з на CHCH 
Both are o,p directors, but they are meta to each д b. 
other. The alkyl group must be obtained by 
reduction of a carbonyl. 
Br 
Cl _CH3CH2Cl _ K* OC(CHg)s 
с. Folds e АСВ 
[1] BH; 
Ж somer) 
E | [2] H203, “OH 


cr ү 
С! С! 


492 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 18-16 


18.34 
Br 
Y a. Bro NN О [9] 
+ 
FeBrs | | T 
"di Br 
CHO CHO CHO 
A 
b. HNO3 YO ed 
pL EQUI KC E 
280, | 
4 ON 
CHO CHO 
On 
c. CH3CH2COCI 9 О b d 
bid ыа А 
And у А 
CHO [9] CHO 
Br 
в-—( УМ ( a В B N ? 
r - r 
V / РеВгз V 7 
B NO» 
b. HNO3 p 


— О 
‚ снасњсос! H 
c сњењсос p H 


АСЬ САЎ 


18.35 Intramolecular Friedel-Crafts acylation occurs on the more activated aromatic ring 


OCH; OCH; о 


AXO CD 
CH3O CH30 СУ 
СНзО groups activate this ring. 
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18.36 OH is an ortho, para director. 
OH OH 


H 
е 9 Оон Он 
" HNO; Р EE Ĉi; Cl с! 
- + | g. 
Н,50, 27 FeCl, 
NO 
= Cl 
OH OH OH OH OH 
SO3H 
SO 3 ~ 
b. У + | ћ. | (+ ortho (+ ortho 
H5SO, 22 22 isomer) на isomer) 
SO3H МО» NH2 
OH OH OH OH OH 
H34CH5CI Б 
с. nid dica + | i | < (+ ortho SE. (+ ortho 
АСВ Z LZ isomer) на! isomer) 
„С. СН„СН(СН„СНа)» 
O* ^CH(CH;CH3)s 
OH OH O OH 
Cy 
H3CH»)s>CHCOCI NH2NH 
d. (CHsCHa}2CHCOC невен. (+ огіћо ke (+ ortho 
АСВ о Он isomer) 
+ 
О o* C.. CH2CH(CH2CH3)2 
0 )- Оң CH(CH;CHg); 
(CH3CH»)2CH 
OH 
Bro Br Br k (+ ortho . >» (+ Та 
е. ` isomer) isomer) 
FeBra 
Br 
un OH OH OH ón 
Bro Br KM 
P + |. (+ ortho nos 
isomer) (+ ortho 
Br р isomer) 
O* `OH 
18.37 
СН(СНз)> CH43CH;COCI CH(CH3); CH(CH3)2 
+ 
Хон O СУ 
I I 
О О 
CH3CH,COCI 
CH(CHs3)o i 
Jos 5)2 "s No reaction 
CH3CH2COCI 


“Сү М(СНз)2 


No Friedel-Crafts reaction 
АСЫ — 
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Br CcH4CH,COCI Br Br 
d. á 
Cy АСВ pu "d 
| I 
О еј 
СНзСН,. „О 
H i H N CH 
N.c-CHs снасњсос! N, o^ CHs А 77% 
е. i i CH4CH [e 
О АС О з С 
О 
18.38 
CN 
a. 
oF H;S0, T 
3 
b. "ow .HNO; _ о,м NO, + 
но, 7 HO NO 
HO 5 
CH; CH; 
9 Os a \ | / \ 
Фа RO OH ноз— — )—0H 
SOH 
CHCH; 
сњсња 
d. OCOCH, — о ©! OCOCH; 
3 
HO Br CHO 
е. oe 2m ll 109 
COCH; 


f. о 
ыы с CHCOCI ot 
сно "АСБ 
О» т 
(OT ome 
мо, H0. 


Cl 
h. MAT ES 
^ FeOh 
Gels OCH, OCH, 
оо I 
991 = 


SOH 


А NaSCH;CHs _ 
j. SCH2CH3 
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18.39 Watch out for rearrangements. 


a. сања b. има с. ec " Cy 
Cl 


rearrangement 


| 2° carbocation rearrangement | 3° carbocation 


18.40 
a. CHi сень KMnO, ноос—( сень 
Вг 
hv 
CH; сна 
с O Zn(Hg), HCI ТС. 
а Снн, 
О H H 
d Bro К үс 
| FeBrs Br Br 
О 
" МНЫМНЬ 
-OH 
МО» NO; 
CH3NH2 
Е ом cl + ON NHCH 
МО» NO; 
18.41 


C bonded to 2 H's 
must use acylation 
followed by reduction. 


О О 
| 
Сү © "m Zn(Hg) Сү 
а. 
АС HCI 


C bonded to 1 H 
can be added directly 


by alkylation. D 
^ CI 
b. AlCl 
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Ц 9 

HCH C, 
| Сү 2СНз ci ен, O C 
| AlCl, 
Ethyl group can be introduced 

by two methods. 
C(CH3)s (CH3)4CCI 

d: ОЛ AICl3 


no H's 


18.42 


CH,CH 

Ha Zn(Hg) Cy 2773 CH.CHCI 
на! AlCl, 

Method [1] Method [2] 


oni 


» 


~ NG NaH ~ CN 
| + | 
22 P 
N OH F N (0) 
A B С 
18.43 
CHO 
| СТ | CHO 
( 1 [а г | 
г 5х2 22 “70 
D 
Path [2] | 
nucleophilic aromatic 
substitution CHO 
| 
CHO HO 
NS Мо E 
| p + Е + Ман 
NON 
| | ibd * NaH 
2 
18.44 
н SO3H 
SOsH ру CHsCOCI, AICI, Step [1] won't work because a Friedel-Crafts reaction 
а. [2] Clo, FeCl = can't be done on a deactivated benzene ring, as is the 
e E el case with the SO3H substituent. Even if Step [1] did 
work, the second step would introduce Cl meta to 
| O” ‘СН SO3H, not para as drawn. 
Alternate synthesis: 
SO3H 
O Cl; O CH;COCI 503 5 
FeCl, а AlCl CI Н8504 CI (+ isomer) 
О" 68 O7 "CH; 


(+ para isomer) 
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OCH; [1] CH4CH;CH;CH;CI, AlCl, OCH Step [1] involves a Friedel-Crafts alkylation 
b СУ - Kx = в Usinga 1° alkyl halide that will undergo 
` [2] НМОз, Н2$0. A 
з, 2504 CH,CH,CH,CH; NO, rearrangement, so that a butyl group will not be 


introduced as a side chain. 
Alternate synthesis: 


OH [1] NaH OCH;  CH&4(CH5);COCI осна 
Cy [2] CHCl АС! CH3CH2CH2 (+ ortho isomer) 
), HCI 
OCH 
CH4CH;CH;CHz NO; H2SO4 — CH,CH;CHCHz 
B 


18.45 Use the directions from Answer 18.16 to rank the compounds. 


O^ О С” (сто c^ 


leastreactive i i most reactive А А А А 
goes least reactive intermediate most reactive 


reactivity 


CHO а! 
: O O © CHNH3 СНз NH2 
| Tono nilo! 


least reactive intermediate most reactive 


reactivity least reactive intermediate 


most reactive 


reactivity 
18.46 
Br C=N ООН 
п) СУ 2] Cy e T б 
a. withdraw a. withdraw a. withdraw 
b. donate b. withdraw b. donate 
c. less c. less c. more 
d. deactivate d. deactivate d. activate 
18.47 


| 


more electron rich 
due to C atom 
more reactive 


El electron rich 
more FN rich due to СНз group 
due to O atom more reactive 

more reactive 
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18.48 


* p Y) 


more electron rich 
due to N atom 
faster 


b. (кнен, 
| 


less electron rich 
due to (+) charge on N 
slower 


7 о e) 
E ue 


E 


+ 
zm 


18.49 


OOGO у С Се" 


е!есїгоп 
ON-—— withdrawing ON 
+ 
с. М(СНз)з N(CH3)s 
t E 


less electron rich 
due to (+) charge on N and 
electron-withdrawing NO, group 
slower 


d. patat 


electron electron donating 
withdrawing 


„СО 


Effects cancel out. 
similar in reactivity to benzene 


A benzene ring is an electron-rich 
substituent that stabilizes an 
intermediate positive charge by an 
electron-donating resonance effect. 


ortho, para 
director 


Ortho and para products are isolated. 


As a result, it activates a benzene 
ring toward reaction with 
electrophiles. 


With ortho and para attack there 15 additional resonance stabilization that delocalizes the 
positive charge onto the second benzene ring. Such additional stabilization is not possible with 


meta attack. 
Ortho attack: 


eR oro gra о-о 
ate ы == ob 


Meta attack: 


HE 


к= 


HE HE 
Pede» 
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Para attack: 


| 


ortho, para Ortho and para products are isolated. 
director 


With ortho and para attack there is additional resonance stabilization that delocalizes the 
positive charge onto the nitroso group. Such additional stabilization 1s not possible with 
meta attack. This makes —NO an ortho, para director. Since the N atom bears a partial (+) 
charge (because it is bonded to a more electronegative О atom), the -NO group inductively 
withdraws electron density, thus deactivating the benzene ring towards electrophilic attack. 
In this way, the -NO group resembles the halogens. Thus, the electron-donating resonance 
effect makes —NO an o,p director, but the electron-withdrawing inductive effect makes it a 
deactivator. 


Ortho attack: 


EH 
+ 


especially stable 


RP EH 
‘O=N \ ) ~ mcs 


Meta attack: 


HE HE HE 


H И V 
+ 


Para attack: 


oA N — E". > 4 =: H ~ ту m H + s H ви ље / H 
Ho) V / H >= :О=М N у Е = -:0-N D Е = - АН _ E > :О=М 
+ 


especially stable 
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18.50 


OCH5CHs 


alkyl group on the benzene ring 
В stabilizes (+) charges on the o,p positions by ап 
electron-donating inductive effect. This group behaves 
like any other R group so that ortho and para products 
are formed in electrophilic aromatic substitution. 


:0:> :0: 


A T 
V^ -OCH,CH; 


OCH,CH3 


(+) charge on atom bonded to the benzene ring 
Drawing resonance structures in electrophilic aromatic substitution 
results in especially unstable structures for attack at the o,p positions— 
two (+) charges on adjacent atoms. This doesn't happen with meta 
attack, so meta attack is preferred. This is identical to the situation 
observed with all meta directors. 


18.51 Under the acidic conditions of nitration, the N atom of the starting material gets protonated, 
so the atom directly bonded to the benzene ring bears a (+) charge. This makes it a meta 
director, so the new NO» group is introduced meta to it. 


H 
es | 
or N(CH3)2 ^ НМОЗ N(CH3)2 HNO3 М(СНз)2 
| 680, Cy | HS0, 
acts as a base now a meta director NO, 


18.52 Increasing the number of electron-withdrawing groups (especially at the ortho and para 
positions to the leaving group) increases the rate of nucleophilic aromatic substitution. 
Increasing the electronegativity of the halogen increases the rate. 


ON p-fluoronitro- 
chlorobenzene m-fluoronitro- benzene 
least reactive benzene most reactive 
ON 
b. ( / Е ON \ / F ON V / F 
ON ON NO; 
1-fluoro-3,5-dinitro- 1-fluoro-3,4- 1-fluoro-2,4-dinitro- 
benzene dinitrobenzene benzene 
least reactive most reactive 


C. CH3 N # CI CH3 Фр F ON © F 


NO; NO; NO» 
4-chloro-3-nitro- 4-fluoro-3- 1-fluoro-2,4-dinitro- 
toluene nitrotoluene benzene 


least reactive most reactive 
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18.53 A СЊО group has an electron-donating resonance effect. This stabilizes а (+) charge, so it 
increases stability of the carbocation intermediate in electrophilic aromatic substitution. This 
destabilizes a (—) charge, so it decreases the stability of the carbanion intermediate in 
nucleophilic aromatic substitution. 


18.54 


Б АЮВ 


CI*AICl, ZA EAS 
ај Њиве > “Yo ^з + АСЫ 


resonance-stabilized carbocation 


Use both resonance forms to show how two products are formed. 
(& 


т е 


Cl + АС 
H 
CNA 
E AlCls 
18.55 
4 Nso OCH; OCH; OCH; 
HSO4- HSO. 
| OCH; 


HSO, + 
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18.56 
:OH n so, OH, 
сно сно снаб A Е 
= ОГ А + HO 
+ HSO, 
1,2-CH shift 
+ .. m 
сно снб 2 сно В 
СНО ТЕ 
H H тн d 
снаб сно 
h + 80, 
Г" 
HSO4 
18.57 


a. The product has one stereogenic center. А 
< stereogenic center 


b. The mechanism for Friedel-Crafts alkylation with this 2° halide involves formation of a trigonal 
planar carbocation. Since the carbocation is achiral, it reacts with benzene with equal 
probability from two possible directions (above and below) to afford an optically inactive, 
racemic mixture of two products. 


NEN “AICI H 
H C  , АС y un | РК. 
ја де zur "orm 


(2R)-2-chlorobutane trigonal planar 
achiral carbocation racemic mixture 


optically inactive 
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The reaction follows the two-step addition-elimination mechanism for nucleophilic aromatic 
substitution. 


MM as A pu 
| ма“ ЗОСНа | OCH, . > OCH; . . OCHs 
= NJ us 


2 .. 
Ny Cl NS pP N^ ^g N^ да 
2-chloropyridine A 
< 
| 2 + CF 
N OCHs 


Resonance structure A is stabilized because the negative charge is located on an 
electronegative N. This makes nucleophilic aromatic substitution on 2-chloropyridine faster 
than a similar reaction with chlorobenzene, which has no N atom to stabilize the intermediate 
negative charge. 


Since there is no electron-withdrawing group on the benzene ring, the mechanism likely 
proceeds via elimination-addition. 


N0 N-CH N-CH 
Cl ( e Cl T Cl 
:В H + нв“ 
P | 
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18.60 
E 
E 
CO = OO 
———- + 
А B 
This product is formed. This product is not formed. 
НЕ НЕ НЕ НЕ 
И 
OO *— со — со CO 
+ + 
Attack to form A proceeds ма a HE HE |. E 
carbocation for which 7 resonance 
structures can be drawn. Four > T 
resonance structures contain an intact} А mu E 
benzene ring. Y 
(У + Е T " E T E т Е H 
POR PES расти Nd qi 
+ 
Attack to form B proceeds ма a E | Е 
carbocation for which 6 resonance > H 
Structures can be drawn. Only two B 
resonance structures contain an > | 
intact benzene ring. 
A reaction that occurs by way of the more stable carbocation is preferred, so product A is formed. 
18.61 
Р СМ овон 
РО Hor Hec. Я 0н — ‘OH | 
:0: O: O: С | | 
| | { ном ра ——н-б6—{ а 
dq dr RS SS, + | 
СС H CCl H CCl; + Н co CCl, 
+ HSO4. 
Н50, | 
а 
(+ 3 resonance «Он 
structures) == 
| 
. . COl 
+ Н5О, 
HSO4 ~, | 
/ \ CCl, Z / ФАН CCls = / i —_ 
Cl C cl -—— Cl C cl -——— Cl + H-C Cl 
ША ЧУ, [X / = r VS 
H H CCl; 
DDT (+ 3 resonance + H20: 
+ HS0, structures) 


(+ 5 resonance 
structures) 
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:0: :0: " О О 
th А ео O-AIClg 
:07 ТО: “0: ilf das! О: “ 
( -Асї © resonance-stabilized 
3 
АЈСЊ 


acylium ion 


О О 
О-АСЬ ^ O-AICls а О-АСЬ 
+ HB* + ) + 
В: 


(any base in the reaction mixture) 
OH + НО + АС» 


18.63 Benzyl bromide forms а resonance-stabilized intermediate that allows it to react rapidly 
under 541 conditions. 


Formation of a resonance-stabilized carbocation: 


4 
+ =] + 
EST СН; .—— СН + СН; -——- CH; -—- CH2 
~ 
| t | 


benzyl "od 


resonance-stabilized carbocation 


n 
| + 

C 2-99 { | ogr — { У оњбоњ + HBr 
oa He N 


" CH,ÓH N Br benzyl methyl ether 


oN-( )-она ( ) ње oo-( )-она 


electron-withdrawing group electron-donor group 
destabilizing stabilizing 
slower reaction faster reaction 


The electron-withdrawing NO» group will destabilize the carbocation so the benzylic halide will be 
less reactive, while the electron-donating OCH; group will stabilize the carbocation, so the benzylic 
halide will be more reactive. 


18.64 


CI 


а! 
а Zn(Hg), НС! 
а. 
FeCls AICI, 


о 
(+ рага іѕотег) 
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HNO3 NO? Br; 
HS0, Cy РеВгз 


Br 


CH,Cl em SO, oe KMnO, Сү 
AICI HSO. 
3 PES SO,H SO3H 


(+ para isomer) 


H COOH 
á CH3Cl СНз KMnO, HNO3 
АСВ H5SO, 
С 
© 


COOH 


снес E KMnO, 
4 уон, 2 вг ( \ ch в—( У соон 
МС —. ЕеВгз 


(+ ortho ш 
Нз СООН 


C 
CH,Cl СЬ (excess) KMnO, 
АСВ H5SO, FeCls 
SO3H 


SO3H 
(+ ortho isomer) 


Br 
(CH3) (CH); CHCI. HNO3 ВВ К+ -ОС(СНз)з 
(С FeCl 
AIC — Н804 о, e ЗС NO; МО; а! NO, 


SOH 


(+ para isomer) (+ isomer) 
18.65 
NO» NH» 
Bro HNO3 ( BS Sn 
a. 
ҒеВгз H5SO, Ж HCI 
Br Br Br 
(+ ortho isomer) 
CH3 СНз CH; 
Br 
T С. CHCl HNO3 en Bro 
АСВ H5S0, 2 РеВгз 
МО; NO; 


(+ ortho isomer) 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 507 


Reactions of Aromatic Compounds 18-31 


NO; 


(+ isomer) 


оо 
O +O 
до 


[9] [9] О 
" Сусе (ге Bro pe МНЫМНЬ Br HNO3 7007 
АС FeBra -OH H5S04 NO; 
(+ isomer) 
H2 
Pd-C 


O 
= 
снасњс! сь — в Вг = 
(О АС 4) T ЧЕ / C FeCl, V / C rud у / C 
ci 


(+ ortho кы а 
|с оо CH3) 
— Мнн: 
f N 4 
с! 
18.66 
CH3 Bro СНоВг ^ ОС(СНа)а СНОС(СНз)з 
CH3 в, CHBr pec ix 
Cl KMnO — 
©: {У CH t COOH 
FeCl, - a \ / 
+ para isomer 
а! P ) CI 
СНз CH3 Hs COOH 
НМОз МО» HNO3 KMnO, 
d. H2SO4 H5S0, 


(+ para isomer) 
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СНз 3 Bra -OH OH 
е or FeBrs a ЕС AlCls OUS ћу "d 
о 


(+ ortho isomer) 


Nope" E TU 
H 
Pd 


HSO, 
AlCl (+ ortho isomer) Pues 


—— Bro == Вг 
Ore ate плу Сунг 


АСЬ 
(+ ortho isomer) CI CI 
[гон 
CHO 8 CHOH 
о о 
СІ 


18.67 


а O [1] NaH O Ра O 
| АС! 
HO [2] CHBr сн,о Св сно 


(+ ortho іѕотег) 


CH3 
b. Г) [1] Ман JO сна O LN 
HO [2] CH3CH2Br CH4CH;O АСВ CH3CH;O aw CH4CH;O 


(+ ortho isomer) 


M [1] NaH p 
CH3CH,O [2] CH3 сн.сн,о 
: O [1] NaH O СНС О Нз оно; CHs н, 
HO [2] CHI сњо АСВ chs o сво сно Pd-C сно 
(ехсеѕѕ) 


(+ ortho isomer) 


CH;Br 


18.68 


| ОСЬ Вг Вг 


С=сн 
O S ec. nt „Сү ets K*-OC(CHg); (om Bro oan 27NH3 фи 
АСВ 
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om "NT 626 A сессњењо њо C=CCH,CH,OH 
i Ex СТ 
# 


(from a.) 
HNO = Bro = K+ -OC(CH3)s 
с. = ON = ON ~ ОМ 
CT ue M ст v 
(from a.) (* ortho isomer) HC=CH | HBr 
(ман ROOR 


= СЕСН Br 
ОМ \ / CH,CH,-C=CH ~ он) 
C=CH [1] NaH СЕССН»СНЗ ELI 
d. 
Cy [2] CH3CH;CI о 


(from а.) (from a.) 
Br? Ly K*+-OC(CHsg)3 Jom [1] OsO4 m pH 
И 28. ics - в ) C 
ЕеВга Роб ћу Ly H20, NaHSO, OH 
(from a.) (+ ortho isomer) 
HN 4 
| Clo Os а Bro Cl К+ "OC(CH3)s а # 
` FeCls а 50, ћу Вг 
МО; МО» moPBA| МО» 


(тот а.) (+ ortho isomer) 
db a 
NO; 


18.69 One possibility: 
Ae Br 
О Ó ве 
АСЬ no АС hy 
Ó Ó 


K* "OC(CH3)s 


1] ВН; 
2] H20, “OH А 


(+ ortho isomer) 


HO Na,Cr,0, НО 
О #20, Н;5О„ СС д m 
О 


О 


| Zn(Hg), HCI 


HO 
YAL 


ibufenac 


510 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 18-34 


18.70 
O [1] NaH O сњо! СЊ KMnO; Сави 
но [BICHCH,CHjBr “^о МОБ ДУ RS 
(+ ortho isomer) HNO3 
HSO, 


18.71 Use integration data and the molecular formula to determine the number of H's that give rise 
to each signal (Section 14.5, How То). 


'H NMR data of compound A (CgHoBr): 


Absorption ppm #ofH’s Explanation Structure: 
triplet 1.2 3 3 H’s adjacent to 2 H’s Б | | / 
quartet 2.6 2 2 H's adjacent to 3 H's 

two signals 7.1 and 7.4 242 para disubstituted benzene 


'H NMR data of compound B (CHBr): 
Absorption ppm #ofH’s Explanation Structure: 
triplet 3.] 2 2 H's adjacent to 2 H’s 


Br 
triplet 3.5 2 2 H's adjacent to 2 H’s (2 
multiplet 7.1–7.4 5 monosubstituted benzene 


18.72 IR absorption at 1717 ст! means compound С has a C=O. 


'H NMR data of compound С (Cj9H 0): 


Absorption ppm #ofH’s Explanation Structure: 
singlet 2.1 3 3 H's o 
triplet 2.8 2 2 H's adjacent to 2 Н’5 
triplet 2.9 2 2 H's adjacent to 2 Н'5 
multiplet 7.1–7.4 5 monosubstituted benzene 
18.73 
'H NMR data of compound X (CioH120): 
Absorption ppm #ofH’s Explanation Structure: 
doublet 1.3 6 6 H’s adjacent to 1 H o 


septet 3.5 1 1 H adjacent to 6 H's 
multiplet 7.4-8.1 5 monosubstituted benzene 
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'H NMR data of compound Y (СоН14): 


Absorption ppm #ofH’s Explanation Structure: 
doublet 0.9 6 6 H’s adjacent to 1 H 
multiplet 1.8 1 1 H adjacent to many H's 
doublet 2.5 2 2 H's adjacent to 1 H 
multiplet 7.1–7.3 5 monosubstituted benzene 
18.74 
a 
CH; " а ОН | 1H NMR spectral data: 
CH — )—он ж. bech, ee. m 1.4 (singlet, 18 H) (a) 
3 P 2 CHs\ ОН 227 (singlet, ЗН) (b) 
а а 5.0 (singlet, 1 Н) (c) 
p-cresol 2-methyl-1-propene С(СНз)з 7.0 (singlet, 2 Н) (d) ppm 
(2 equiv) a 
BHT (C15H240) 
св / ~ н-бвозн . 
\C=CHp - CH,-C-CH, + HSO. 
CH, CH3 
OH 


Z а осн осн осн 
CHs-C-CHs ee B з CIC sls 
CH 


CH3 
C(CHa)s C(CHs)s 
м > Repeat to add the second С(СНа)з group. 
HSO,- * H2504 


CH3 


18.75 Five resonance structures can be drawn for phenol, three of which place a negative charge on 
the ortho and para carbons. These illustrate that the electron density at these positions is 
increased, thus shielding the protons at these positions and shifting the absorptions to lower 
chemical shift. Similar resonance structures cannot be drawn with a negative charge at the 
meta position, so it is more deshielded and absorbs farther downfield, at higher chemical shift. 


^ Сон JOH [5s 


о POH о 5 ӧн 
or AT ~ ФА = к= 
| | | 


(—) charges on the ortho and para positions 
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18.76 а. Pyridine: The electron-withdrawing inductive effect of N makes the ring electron poor. 
Also, electrophiles Е` can react with N, putting a positive charge on the ring. This makes 
the ring less reactive with another positively charged species. 


To understand why substitution occurs at C3, compare the 
stability of the carbocation formed by attack at C2 and C3. 


Electrophilic attack on N: Electrophilic attack at C2: Electrophilic attack at C3: 
E 
~ 27 “+ 27 E* 27 
==! C ЈЕ | 
2 2 ~ У ~ ~ ~ + 
М М |. М М Е М М 
IN | "Et -H N М 
\ Et E 
less reactive 
than benzene E 
SR Е та 
+ 
SN E 
| | H 
T P 
N E N 
.. H oe 
N does not have an octet. better resonance structures 


(+) charge on an electronegative N atom 
poor resonance structure 
attack at C2 does not occur 


Since attack at C3 forms a more stable carbocation, attack at C3 occurs. Attack at C4 
generates a carbocation of similar stability to attack at C2, so attack at C4 does not occur. 
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b. Pyrrole is more reactive than benzene because the C's are more electron rich. The lone pair on N 
has an electron-donating resonance effect. 


Attack at C2: Attack at C3: E 
9 = p f C . 
eo кн {> "m M a \ +E J 
H H H H 


H 
more reactive than benzene 


БЕ H 
» бален { | 
tZ 
p. s N 
| H 
E 
их ÍN 
H N 3-position 
| М 
fewer resonance structures 
[Y Attack at C3 does not occur. 
E 


2-position 


more resonance structures 
attack at C2 


Since attack at C2 forms a more stable carbocation, electrophilic substitution occurs at C2. 
18.77 


+ 
ЛО 


Н=080н g :Он :Он :Он бн 
1,2-СНз m) 
5 shift H 
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18.78 Draw a stepwise mechanism for the following intramolecular reaction, which was used in the 
synthesis of the female sex hormone estrone. 


overall reaction Ф ~ 
Lewis acid 
or HA е6 
RO 


RO + Нб: 


+ СА (+ 1 resonance structure) 


РР 
T" Sond = 
RO A RO 


(+ 3 resonance structures) 

18.79 a. In quinoline the lone pair on М occupies an sp? hybrid orbital, so it can never be donated to 
the ring by resonance. The N atom decreases the electron density of the ring in which it is 
located by an electron-withdrawing inductive effect, so substitution occurs on the other 
ring. In indole, the М atom donates its electron pair (which 1$ contained in a p orbital) to 
the five-membered ring, increasing its electron density, so substitution occurs on the five- 
membered ring with the N atom. 

b. In the presence of acid, the N atom is protonated prior to electrophilic attack. For 
substitution to occur at C8 rather than C7, the carbocation that results from electrophilic 
addition at C8 must be more stable. Attack at C8 generates a carbocation with more 
resonance structures and four structures keep one ring aromatic (1-4). Attack at C7 
generates a carbocation with fewer resonance structures and only two have an intact 
aromatic ring (5 and 6). 


RO 


The steps: | 
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N 
8 ЖЭ, ев" H Br М Н Br, 
H—OSO,H Br—Br + Br 
+ 
~ | ES 22 | 22 | 
NS + + 2 + un uu 
N+ N+ N+ N+ 
H Br," H Br H H Br М H Br H 
| 4 3 2 
Е 
| 
N4 
H Br н 
E 
in attack " | ~ | D 
7 N^ atC7 н NZ H N^ H NZ 
H Br Br H Br + H 
~ 5 
Br—Br | 
e DO 
tz ~ + 
H H N 
Br H Вг + H 
6 
c. With indole, attack at C3 forms the more highly resonance-stabilized carbocation. 
3 H Br H Br H Br 
\ 2 attack > " ` 
N at C3 N N+ 
H H H 


all octets 
er Br 


attack 


S 
H 
H 
B 
at C2 : X 
T 2 
+ 
М+ 
Сора — is А 
N Br B 
H 
H H 
Br B 


И 
E Io 

"iu i 

H H 

OR Ср. 

SN tW Br i 

H H H 


all octets 


r 


— 


all octets 


<> 


r 
r 
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Attack at C3 forms resonance structures, all of which have an intact aromatic ring, and two of 
which have all atoms with octets. Attack at C2 forms a cation with more resonance 
structures, but only two have an intact aromatic ring, and only one has complete octets. 


ÁN 
LON KENT 
OH BF. OF 2 = 
3 a \ 7 BF oS + НОВЕ; 
М М М 
H H 


(+ 3 additional 
resonance structures) 


1,2-shift 


+ НО + ВЕз 
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Chapter 19 Carboxylic Acids and the Acidity of the О-Н Bond 
Chapter Review 


General facts 

• Carboxylic acids contain a carboxy group (COOH). The central carbon is sp? hybridized and 
trigonal planar (19.1). 

e Carboxylic acids are identified by the suffixes -oic acid, carboxylic acid, or -ic acid (19.2). 

e Carboxylic acids are polar compounds that exhibit hydrogen bonding interactions (19.3). 


Summary of spectroscopic absorptions (19.4) 


IR absorptions C-O ~1710 ст“ 
О-Н 3500—2500 cm” (very broad and strong) 
'H NMR absorptions O-H 10-12 ppm (highly deshielded proton) 
C-H a to COOH 2-2.5 ppm (somewhat deshielded Csp^—H) 
BC NMR absorption C-O 170-210 ppm (highly deshielded carbon) 


General acid—base reaction of carboxylic acids (19.9) 


6 Г e Carboxylic acids аге еѕресіаПу асійіс 
Пи "ua аы ВЕ. + dpt because carboxylate anions are 
Юн О: resonance stabilized. 
рКа= 5 carboxylate anion e For equilibrium to favor the products, 


the base must have a conjugate acid 
with a pKa > 5. Common bases are 
listed in Table 19.3. 


Factors that affect acidity 


Resonance effects. A carboxylic acid is more acidic than an alcohol or phenol because its conjugate 
base is more effectively stabilized by resonance (19.9). 


OH О 
O^ ~ 
ROH 
он 


рКа = 16-18 pK, = 10 рКа s 5 


Increasing acidity 


Inductive effects. Acidity increases with the presence of electron-withdrawing groups (like the 
electronegative halogens) and decreases with the presence of electron-donating 
groups (like polarizable alkyl groups) (19.10). 
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Substituted benzoic acids. 
e  Electron-donor groups (D) make a substituted benzoic acid less acidic than benzoic acid. 
e  Electron-withdrawing groups (W) make a substituted benzoic acid more acidic than 
benzoic acid. 


COOH COOH COOH 
"X7 QUT eer 


less acidic K. 242 more acidic 
higher pK, pg c^t lower pK, 
pK, > 4.2 рКа < 4.2 


Increasing acidity 


Other facts 

e Extraction is a useful technique for separating compounds having different solubility properties. 
Carboxylic acids can be separated from other organic compounds by extraction, because aqueous 
base converts a carboxylic acid into a water-soluble carboxylate anion (19.12). 

e A sulfonic acid (RSO3H) is a strong acid because it forms a weak, resonance-stabilized conjugate 
base on deprotonation (19.13). 

e Amino acids have an amino group оп the a carbon to the carboxy group [RCH(NH2)COOH]. 
Amino acids exist as zwitterions at pH ~ 6. Adding acid forms a species with a net (+1) 
charge [RCH(NH;)COOH] . Adding base forms a species with a net (1) charge 
[RCH(NH2)COO] (19.14). 


Practice Test on Chapter Review 


1. a. Give the IUPAC пате for the following compound. 


Е 
b. Draw ће structure corresponding to the following name: sodium m-bromobenzoate. 


2. a. Which of the labeled atoms is least acidic? 


I-O 
T 
ЗЕ 

a 


о 


b. Which of the following carboxylic acids has the lowest pK;? 


COOH COOH COOH COOH COOH 
| or - ДЈ : LY * LY ЕФ, 
СН; CI СНзО ON 
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c. Which compound(s) can be converted to A by an oxidation reaction? 


OH 
CO2H 1. vos 4. Both [1] and [2] can be converted to A. 
О 
wb 5. Compounds [1], [2], and [3] can all 
О T7529 OH be converted to A. 
n 2 
OH 
3. 


3. Rank the following compounds in order of increasing basicity. Label the least basic compound 
as 1, the most basic compound as 3, and the compound of intermediate basicity as 2. 


О om pw Oe 
B 


A [e 


4. Draw the organic products formed in each of the following reactions. 


NH 
3 
a. n NaOH OH [1] NaH 
CH YIN ; C. 
u^ COOH (1 equiv) — [2] CHI 


NaH 


COOH 
b. HO ( ) (1 equiv) 


Answers to Practice Test 


l.a. cis-2-methylcyclo- 2..1 3.A-2 4а. c. 
pentanecarboxylic acid b. 5 B-1 t OCH; 
с. 5 E | | Cl. и 
сну ^ coo | 
b b. 


COO" Na* COO T 
HO — )— 


Br 
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Answers to Problems 


19.1 To name a carboxylic acid: 
[1] Find the longest chain containing the COOH group and change the -e ending to -oic acid. 
[2] Number the chain to put the COOH carbon at C1, but omit the number from the name. 
[3] Follow all other rules of nomenclature. 


Ne KENE 


a. CH3CH3CH5 — C -CH2COOH с. CH3CH2— с CH2— Ç- ОН 
CH? 1 CHCH; CH;CHs 
Number the chain to put COOH at C1. Number the chain to put COOH at C1. 
6 carbon chain = hexanoic acid 6 carbon chain = hexanoic acid 
3,3-dimethylhexanoic acid 2,4-diethylhexanoic acid 
4 
" 
b. CHs7C- CH;CH;COOH d. 
Cl 1 
Number the chain to put COOH at C1. . 
5 carbon chain = pentanoic acid Number the chain to put COOH at C1. 
4-chloropentanoic acid 9 carbon chain = nonanoic acid 
4-isopropyl-6,8-dimethyInonanoic acid 
19.2 
a. 2-bromobutanoic acid с. 3,3,4-trimethylheptanoic acid е. 3,4-diethylcyclohexanecarboxylic 


acid 


о О 
О 
HO OH 
Br HO 


b. 2,3-dimethylpentanoic acid d. 2-sec-butyl-4,4-diethylnonanoic acid f. 1-isopropylcyclobutane- 
carboxylic acid 


о о үн 
ede Me tO: COOH 


19.3 
[9] 
а. a-methoxyvaleric acid C. a, p-dimethylcaproic acid 
ОСН; О 
О "e e 
b. B-phenylpropionic acid d. a-chloro-p-methylbutyric acid p OH 
В ОН а 
О 
19.4 


О О 


i д 1 
a. O Lit b. Nat O^ ^H с. Y^ к+ d. О Nat 
sodium formate Br 


or potassium 2-methylpropanoate 


lithium benzoate sodium methanoate 


sodium 4-bromo-6-ethyl- 
octanoate 
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mls PPM 


C2 


2-propylpentanoic acid sodium 2-propylpentanoate 


19.5 


19.6 More polar molecules have a higher boiling point and are more water soluble. 


p e did ү 


least polar intermediate polarity most polar 
lowest boiling point intermediate boiling point highest boiling point 
least H20 soluble most H50 soluble 


19.7 Look for functional group differences to distinguish the compounds by IR. Besides sp? 
hybridized С-Н bonds at 3000—2850 cm (which all three compounds have), the following 
functional group absorptions are seen: 


[e] о OH 
I | 
CH3CH,CH,CH;~ ^он CH&CH,CH,CH;^ ТОСЫН» 
carboxylic acid ester alcohol 
2 strong absorptions 1 strong absorption 1 strong absorption 
~1710 (С=О) ~1700 (C=O) ст“! . «3600-3200 (ОН) стг! 
~2500–3500 (OH) ст“! 
19.8 
Molecular formula: C4HgO5 'H NMR data (ppm): A. 
one degree of unsaturation 0.95 (triplet, 3 H) HO 
1.65 (multiplet, 2 H) 
2.30 (triplet, 2 H) 
11.8 (singlet, 1 H) 
19.9 
HO 
~~" ==" "COOH There are five tetrahedral stereogenic 
ZA centers. Both double bonds can 
= Е exhibit cis—trans isomerism. 
HO дн 


Therefore, there are 


bag enantiomer 2’ = 128 stereoisomers. 


a prostaglandin 
19.10 1° Alcohols are converted to carboxylic acids by oxidation reactions. 


о 


а. ММ n — о e: ( COOH > CHOH 


(CHa) cu^ oH ===> (СНз)>СН—СН»-ОН 
3/2 
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19.11 
N KM 
а. ( Ņ\— onon 222226, ( соон c ом сн, "9. on“ V соон 
= H5SO,, H2O = == 
А c 
(Any R group with benzylic H's 
can be present para to NO3.) 
OH — 2° о 
p ©ңбяббңу 21185 CHCOOH d Pear pes NT 
| ‘в BIO (2 equiv) | + H;S0,, ЊО CO;H 
D 1* OH 
19.12 


CH3 CH 
NaOH NaH 
a. {У соон МАН OI Na* с. CHs—C—OH 


| = 
= CH—C-O ма + He 


+ НО CH3 CH3 
NaOCH = 
b. сњ он мањи А сњ о Na* d. ( coon BEEN ( 2-9 Na* 
+ HOCH; 


+ Н,СОз 


19.13 СНзСООН has a pK, of 4.8. Any base having a conjugate acid with a pK; higher than 4.8 can 
deprotonate it. 


a. F- pKa (HF) = 3.2 not strong enough а. МН» pKa (NH3) = 38 strong enough 
b. (СНа)а СО“ pK, [(CH3)3COH]= 18 strong enough е. СГ pK, (НСІ) =-7.0 not strong enough 


с. СНа“ pK, (СН,) = 50 strong enough 


19.14 
Ha H OH, 
Ж ОН, 


Increasing acidity: Ha < Н, < Н, 
H OH, 


negative charge on C 


OH, unstable conjugate base 


О 


mandelic acid 


negative charge on O 
Ü more stable conjugate base 


Ha H OH, 


О negative charge on О, 
resonance stabilized 
most stable conjugate base 


:07 


19.15 Electron-withdrawing groups make an acid more acidic, lowering its pKa. 


CH3CH5—- COOH 


ICH; СООН CF4—COOH 
least acidic one electron-withdrawing group three electron-withdrawing F's 
pK, = 4.9 intermediate acidity most acidic 


pK, = 3.2 pK, = 0.2 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


523 


Carboxylic Acids and the Acidity of the О-Н Bond 19-7 


19.16 

а. CHCOOH HSCH2COOH HOCH COOH b. ICH2CH2COOH ICH2COOH I CHCOOH 
least acidic intermediate most acidic least acidic intermediate most acidic 

acidity acidity 
19.17 
& сњ— оон {_у—соон a \ coon 
least acidic intermediate most acidic 
acidity 
9, 
b. сњо–( соон cH оон pe )—COOH 
CH, 
least acidic intermediate most acidic 
acidity 
19.18 
OH Phenol A has a higher pK, than phenol 
HO because of its substituents. Both the OH 
and CH; are electron-donating groups, 
А which make the conjugate base less stable. 
Therefore, the acid 15 less acidic. 
19.19 To separate compounds by an extraction procedure, they must have different solubility 
properties. 

a. CH3(CH2)sCOOH and CH3CH;CH;CH;CH-CH;: YES. The acid can be extracted into 
aqueous base, while the alkene will remain in an organic layer. 

b. CH3CH2CH2CH2CH=CH) and (CH3CH2CH2)20: NO. Both compounds are soluble in 
organic solvents and insoluble in water. Neither is acidic enough to be extracted into 
aqueous base. 

c. CH3(CH2)sCOOH and NaCl: one carboxylic acid, one salt: YES. The carboxylic acid is 
soluble in an organic solvent while the salt is soluble in water. 

d. NaCl and KCI: two salts: NO. 

19.20 
weaker conjugate base stronger conjugate base 
better leaving group worse leaving group 
CF,SO;H CF450,- CH,SO3H CHjS0,- 
CF; is electron withdrawing. CH; is electron donating. 
stronger acid weaker acid 
lower pK, higher pK, 
19.21 
phenylalanine methionine 
m (PRIN | | 
њм NE Ne њм NCH CH SCH, CH34SCH;CHf ^w 
R S 
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19.22 Since amino acids exist as zwitterions (i.e. 
solvents like diethyl ether. Thus, they are 


, salts), they are too polar to be soluble in organic 
soluble in water. 


19.23 
‚ СООН . coo coo 
H H H 
pH = 1 glycine pH = 11 
neutral form 
19.24 
А coo 
pK4(COOH) + рк„(МНа“) HaN—-C—H 
pI = a a _ (2.58) + (9.24) 591 3 | 
2 2 CH, 
19.25 
+ + 
HgN—CH-COOH HgN—CH-COO 
H | H 
electron-withdrawing group The nearby (4) stabilizes the conjugate base by an 
electron-withdrawing inductive effect, thus making 
the starting acid more acidic. 
19.26 
о 1 „СООН 
а 
2 
С ^ 1^OH 
A B 
a. 2,5-dimethylhexanoic acid а. 3-ethyl-3-methylcyclohexanecarboxylic acid 
| NaOH NaOH 
b. О b. COO Na* 
c. sodium 2,5-dimethylhexanoate с. sodium 3-ethyl-3-methylcyclohexanecarboxylate 
OH 
d. An alcohol or ether would have a much d. 
higher pK, than a carboxylic acid. OH 
OH O 
AAA, 
19.27 


C 


intermediate acidity 


CH 
least acidic 


CY 
CF; 


most acidic 
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19.28 Use the directions from Answer 19.1 to name the compounds. 


a. (CH345CHCH;CH;CO;H  4-methylpentanoic acid 
b. BrCH,COOH  2-bromoacetic acid 
о or 2-bromoethanoic acid 
с: 
OH 

4,4,5,5-tetramethyloctanoic acid 
d. CHs4CH;CH;COO Li* lithium butanoate 
а ^ 1-ethylcyclopentanecarboxylic acid 

Í COOH 


2,4-dimethylcyclohexanecarboxylic acid 


Bec 
COOH 
19.29 


OH 
a. 3,3-dimethylpentanoic acid XY 
о 


b. 4-chloro-3-phenylheptanoic acid BH 


CI 


c. (2R)-2-chloropropanoic p 


О 
d. B,B-dichloropropionic acid с 


P 


e. m-hydroxybenzoic acid CY 


19.30 
О 
Nude Nok 
pentanoic acid 


[9] 
c Ме Na* 


sodium pentanoate 


ДА 
OH 
3-methylbutanoic acid 


po 
O` Ма“ 


sodium 3-methylbutanoate 


sodium 2-methylbutanoate 


COOH 
o-bromobenzoic acid 


«CX 
Br 
h. сњоњ( )-соон p-ethylbenzoic acid 


О 


i ye Na* 


sodium 2-methylhexanoate 


10 COOH 
| ОТ 


7 5 
7-ethyl-5-isopropyl-3-methyldecanoic acid 


f. o-chlorobenzoic acid 


g. potassium acetate о 


C. 
сну ^O Kt 


h. sodium a-bromobutyrate ~ Nat 
i. 2,2-dichloropentanedioic acid ет 


CI CI 
j. 4-isopropyl-2-methyloctanedioic acid 


Sees: 

HO 

OH 
[ө] 


О 


Уон 


2,2-dimethylpropanoic acid 


О 
oe Na* 


sodium 
2,2-dimethylpropanoate 


О 
aa 
2-methylbutanoic acid 


О 


O° Ма" 
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19.31 
C5 or 6 carbon 
OH C2 or a carbon | p 
" Ra . A „сон 
COH HO | 
C3 or p carbon 

IUPAC: 2-hydroxypropanoic acid IUPAC: 3,5-dihydroxy-3-methylpentanoic acid 

common: a-hydroxypropionic acid common: B,5-dihydroxy-B-methylvaleric acid 
19.32 

о OH 
a. И МИ N УУ oH bei d 
о 
lowest boiling point intermediate boiling point highest boiling point 
О Он О 
HO 
lowest boiling point intermediate boiling point highest boiling point 
19.33 
О 
1] 0 
" Cy сто; он с. ( )—с=с-н ч. соон + CO, 
H2S04, НгО [2] H2O 
KMnO m 
b. сниен—( о + ноос ү / соон d. сну(снвСн;он M2201207 _ CHs(CH;)gCOOH 
Н804, НО 
19.34 
[1] BH; сто; 
а. CH; - CHOH - COOH 
[2] H202, "ОН H2SO,, НО H 
[1] мамн; [1] мамн; [1] Оз 
b. HC=CH >  HCECCH, > СН.СН>СЕССНЕ CH&,CH,COOH + CHCOOH 
[2] СНАГ с [2] CH3CHoI D [2] H2O Е + Е 
О (CHa)2CHCI CH(CHs)2 кмпо, O 
с. 
AICl, 
G H 

19.35 


Bases: [1] "ОН pK, (H20) = 15.7; [2] СНзСН»` pK, (CH3CHs3) = 50; [3] МН» pKa (NH3) = 38; 
[4] NH; pK, (МНД?) = 9.4; [5] НС=С“ pK, (HC=CH) = 25. 


a. cH—( У coon 


pKa = 4.3 
All of the bases 
can deprotonate this. 


b. o-( он с. 


pK, = 9.4 
ТОН, СНАСНг“, МНЬ, and HC«C^ 
can deprotonate this. 


(CH3)3COH 


pK, = 18 
CH3CH> , МН», апа HCsC^ 
can deprotonate this. 
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19.36 


a. 


о 


2 


Ф 


— 


—— 
=_ 


K у—соон + K* "OC(CH3)s 


pKa = 16 


C rm + NatNH ae ( 79 + NH + Ма“ 


РИМ + М === Aur 0 + NH 
pKa 


+ HOC(CH3) 
pK, = 18 


Reaction favors products. 


Reaction favors reactants. 


= 9.4 


Reaction favors products. 


pK, = 10 pK, = 38 

„== + Сна" == COO Lit + СН, Reaction favors products. 
pK, = 50 
СНз Сн» Í 
pKa = 4 
pur + NaH — S Nat + He Reaction favors products. 
pK, ~ 16 рае 85 
сњ ў—он + Ма,СОз = CH3 V / о“ ма“ + Nat НСО; | With the same pK, for the starting 
К 2102 acid and the conjugate acid, an 
Pramis equal amount of starting materials 
pK, = 10.2 and products is present. 


19.37 The stronger acid has a lower pK, and a weaker conjugate base. 


weaker conjugate base 


stronger conjugate base 


COOH 
dog 


on 


carboxylic acid alcohol 
stronger acid weaker acid 
lower рКа higher pKa 


stronger conjugate base 


с. cH jooon or 


СНз is electron donating. 


stronger conjugate base 


с—{ coon 


Cl is electron withdrawing. 
stronger acid 
lower pK, 
weaker conjugate base 


weaker acid 
higher pK, 


CICH,COOH or FCH,COOH d. NCCH COOH or CHCOOH 
weaker acid F is more electronegative. CN is electron withdrawing. weaker acid 
higher pKa stronger acid stronger acid higher pKa 


lower pKa 
weaker conjugate base 


19.38 


Br 
соев 


аа “соон 


least acidic Br is electronegative 
intermediate acidity 
Kx | ДУ | 
b. сн; CI 
least acidic intermediate acidity 


lower pK, stronger conjugate base 


weaker conjugate base 


CI 


COOH 


CI more electronegative 
most acidic 


OH 
ом“ > 


most acidic 
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19.39 


о о" о 
a. BrCHsCOO- BrCH,CH»COO- (CH3)3CCOO- c. Jof Cy CY 
ON 


weakest базе intermediate basicity strongest base 


weakest base intermediate basicity strongest base 


weakest base intermediate basicity strongest base 


19.40 
Increasing acidity 
ICH2COOH BrCH;COOH . FCH2COOH F2CHCOOH F4CCOOH 
pK, values least acidic 2.86 2.66 1.24 most acidic 
3.12 0.28 


19.41 The OH of the phenol group in morphine is more acidic than the OH of the alcohol (pK; « 10 
versus pK, = 16). KOH is basic enough to remove the phenolic OH, the most acidic proton. 


most acidic proton ——- HO 
The OH is part of a phenol. 
Methylation occurs here. 


an alcohol — НО` 
morphine 
Many resonance structures A 
stabilize the conjugate base. 


codeine 


19.42 The closer the electron-withdrawing CH3CO- group is to the carboxylic acid, the more it will 
stabilize the conjugate base, making the acid stronger. 


О 
i j j 


C. „Он СА, С 
сна“ 8° С CH4 8*'CH; `OH 
farther away 


pyruvic acid acetoacetic acid 
stronger acid weaker acid 
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19.43 

a. The negative charge on the conjugate base of p-nitrophenol 1s delocalized on the NO» group, 
stabilizing the conjugate base, and making p-nitrophenol more acidic than phenol (where the 
negative charge is delocalized only around the benzene ring). 


0: d о: phenol 
:0: tO 
-nitrophenol D = 
А pK. де 2 two of the possible resonance structures for the pK, = 10 
am. 


conjugate base [See part (b) for all the possible 
resonance structures.] 


b. In the para isomer, the negative charge of the conjugate base is delocalized over both the benzene 
ring and onto the NO» group, whereas in the meta isomer it cannot be delocalized onto the NO; 
group. This makes the conjugate base from the para isomer more highly resonance stabilized, and 
the para substituted phenol more acidic than its meta isomer. 

б: Ó: 
e 


OH ог х „б: б: 
OS IO Тоне, 
ON ON ON С N4 U N 
:0: :0 


pK, =7.2 од 
p-nitrophenol negative charge on 
two O atoms OF 
very good resonance structure 
more stable conjugate base 
stronger acid ON 
| он | 0: : „0: $ „О: | б: Or 
МО; МО; МО; МО; NO» МО; 
pK, = 8.3 


m-nitrophenol 


19.44 A CH3O group has an electron-withdrawing inductive effect and an electron-donating 
resonance effect. In 2-methoxyacetic acid, the OCH; group is bonded to an sp? hybridized C, 
so there is no way to donate electron density by resonance. The СНЗО group withdraws 
electron density because of the electronegative O atom, stabilizing the conjugate base, and 
making CH3OCH;COOH a stronger acid than СНзСООН. 


– Н+ 


О :0: 
оно До оне Да 


more acidic acid more stable conjugate base 
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In p-methoxybenzoic acid, the CH3O group is bonded to an sp? hybridized C, so it can donate 
electron density by a resonance effect. This destabilizes the conjugate base, making the 
starting material less acidic than СеН5СООН. 


О 4 :О: 4 Е ФО: 
OH = Horn BH 


less acidic acid like charges nearby 
less stable conjugate base 


19.45 Phenol has a pK; of 10, making p-methylthiophenol (pK; = 9.53) the stronger acid. А 
substituent that increases the acidity of a phenol must withdraw electron density to stabilize 
the negative charge of the conjugate base. An electron-withdrawing substituent deactivates a 
benzene ring towards electrophilic aromatic substitution, making p-methylthiophenol less 


reactive than phenol. 
OH OH 
Ў CH,S^ $ 


stronger acid 
less reactive in 
electrophilic substitution 


19.46 
The O in A is more electronegative than the N in C so there is a 
stronger electron-withdrawing inductive effect. This stabilizes 
the conjugate base of A, making A more acidic than C. 


| CO;H | 
о“ CO & N COH 
A B [e 

pK, = 3.2 pK, = 3.9 pK, = 44 


| | 


Since the O in A is closer to the COOH group than the O atom in 
B, there is a stronger electron-withdrawing inductive effect. This 
makes A more acidic than B. 
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19.47 
COH COH 
a=, on) on сон 
D E С 
E E E 
о | О 
[e] o o 
О 
Since the benzene ring is bonded The electron-withdrawing Since the МО; group is bonded to a 
to the a carbon (not the carbonyl inductive effect of the NO; benzene ring that is bonded directly to the 
carbon), this compound is not group helps stabilize the COO" carbonyl group, inductive effects and 
much different than any alkyl- group. resonance effects stabilize the conjugate 
substituted carboxylic acid. intermediate acidity base. For example, a resonance 
least acidic structure can be drawn that places a (4) 
charge close to the COO" group. 
Two of the resonance structures for the conjugate base of C: most acidic 
CI © /— 0 
unlike charges nearby 
stabilizing 
19.48 
О О 5 | The resonance-stabilized carboxylate 
„С * „Масы. о с.“ anion can now be protonated on either О 
CH OH сну ^ ^O CH% “О atom, the one with the label and the one 
|њо“ | н.о+ without the label. 
labeled O atom о он 
I 
C. * Cy ; | è i 
CH; “он сну ^0 The label is now in two different locations. 
19.49 
[9] 
a Ha н, О 


loss of Hp: Ha 


H Неа 
5 The most acidic proton forms the 
Hj О most stable conjugate base. 


7 О 
1,3-cyclohexanedione 


; : ias one Lewis structure 
increasing acidity: Нь < Ha < Н, least stable conjugate base 


:0: :0: 
loss of H4: 


:O: QR :0: 
E Н, Н. 1055 of He: н, Ha Ha 
Hg О Hg О Hj о: Hy О: НЕ E 


:0: 
2 resonance structures 


ч ; is 3 resonance structures 
intermediate stability most stable conjugate base 
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N 
b. O (a He loss of Hp: 
о 
Hy He 
acetanilide 
Jb К“ 


increasing acidity: H4 < He < Нь 


loss of H4: | 


М d 
Y^ loss of «Y 
P о H 


one Lewis structure d 
least stable conjugate base 


E: 


2 resonance structures that 


P Ed od ора 
:0: От :07 
~ н; t 


7 resonance structures 
most stable conjugate base 


EY КЮ 
О 


delocalize the negative charge 
intermediate stability 


19.50 


The conjugate base is resonance 
stabilized. Two of the structures place a 
negative charge on an O atom. 
weaker conjugate base 
stronger acid 


The conjugate base has only one Lewis structure. 


stronger conjugate base 
weaker acid 


19.51 
The negatively charged C is more nucleophilic 
than the negatively charged O atom. 
CH3COOH ~ :CH,COO CH3CH,CH,CH (Br 
: z asi uad la^ dr = 
ы strong base x > CH3CH2CH2CH2CH2COO 
| | (2 equiv) | H3O* 
Two equivalents of strong base remove 
both the O-H and C-H protons. СНзСН>СН>СН>СН>СООН 
hexanoic acid 
19.52 
:0: :0: :0: 
Су. —— ын + Cy „Н 
СНЕ” МН сна СМ сну“ “№ 
acetamide : O is more electronegative than N, making the 


somewhat less stable 
with the (-) charge on N 


сну“ ^O: 


conjugate base of СНзСООН more stable 
than the conjugate base of acetamide. Therefore, 
acetamide is less acidic. 
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COOH Dissolve both compounds in CH2Ch. 
e Add 10% NaHCO; solution. This makes a carboxylate 
A B anion (CioH;COO ) from B, which dissolves in the 
aqueous layer. The other compound (A) remains in 


the СЊСЂ. 
e Separate the layers. 


Dissolve both compounds in СЊСЂ. 

Add 10% NaOH solution. This converts СеН5ОН into 
a phenoxide anion, CsH;O , which dissolves in the 
aqueous solution. The alcohol remains in the organic 
layer (neutral) since it is not acidic enough to be 
deprotonated to any significant extent by NaOH. 

e Separate the layers. 


o 
I 
о 
5 
о 
о 
T 
e • 


To separate two compounds in an aqueous extraction, one must be water soluble (or be able 
to be converted into a water-soluble ionic compound by an acid-base reaction), and the other 
insoluble. 1-Octanol has greater than 5 C's, making it insoluble in water. Octane is an 
alkane, also insoluble in water. Neither compound is acidic enough to be deprotonated by a 
base in aqueous solution. Since their solubility properties are similar, they cannot be 
separated by an extraction procedure. 


О 
Il 


a. Molecular formula: Сана СТО one double bond or ring ЕВ ‚Сон 
IR: 3500-2500 ст“, 1714 ст“! C=O and O-H ES 
NMR data: 2.87 (triplet, 2 H), 3.76 (triplet, 2 H), and 11.8 (singlet, 1 H) ppm 

b. Molecular formula: CgHgO3 


5 double bonds or rings ono соон 
IR: 3500-2500 стт, 1688 ст“! C=O and O-H 
NMR data: 3.8 (singlet, 3 H), 7.0 (doublet, 2 H), 7.9 (doublet, 2 H), and 12.7 (singlet, 1 H) ppm 


para disubstituted benzene ring 
c. Molecular formula: CgHgO3 


5 double bonds or rings {он COOH 
IR: 3500-2500 сті, 1710 cm! C-O and O-H а 


NMR data: 4.7 (singlet, 2 Н), 6.9-7.3 (multiplet, 5 Н), and 11.3 (singlet, 1 Н) ppm 
1 


monosubstituted benzene ring 


534 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 19-18 


19.57 


19.58 


19.59 


19.60 


Compound A: Molecular formula C4HsO» (one degree of unsaturation) 
IR absorptions at 3600—3200 (O-H), 3000-2800 (С-Н), and 1700 (C=O) ст“ 


'H NMR data: 

Absorption ppm #ofH’s Explanation Structure: 
singlet 2.2 3 a СН; group 5 

singlet 2.55 1 1 H adjacent to none or OH n 

triplet 2.7 2 2 H's adjacent to 2 H's СН; А`СНЬСН2ОН 
triplet 3.9 2 2 H's adjacent to 2 H’s 

Compound B: Molecular formula C4H3O; (one degree of unsaturation) 

IR absorptions at 3500—2500 (О-Н) and 1700 (C=O) сп! 

'H NMR data: 

Absorption ppm #ofH’s Explanation Structure: 
doublet 1.6 6 6 H’s adjacent to 1 H СНз 
septet 2.3 1 1 H adjacent to 6 Н'з СНзСООН 
singlet (very broad) 10.7 1 OH of RCOOH H B 
Compound C: Molecular formula C4H$O; (one degree of unsaturation) 

IR absorptions at 3600—2500 (O-H) and 1734 (C=O) cm“ 

'H NMR data: 

Absorption ppm #ofH’s Explanation Structure: 
triplet 1.2 3 а CH; group adjacent to 2 H’s о 
quartet 3.6 2 2 H's adjacent to 3 H's о 

singlet 41 2 сна b ~ он 
singlet 11.3 1 OH of COOH 

Compound D: Molecular formula CoH9CIO» (five degrees of unsaturation) 

BC NMR data: 30, 36, 128, 130, 133, 139, 179 = 7 different types of C's 

'H NMR data: 

Absorption ppm #ofH’s Explanation Structure: 
triplet 2 2 2 H's adjacent to 2 H's COOH 
triplet 2:9 2 2 H's adjacent to 2 H’s с pS 
two signals 7.2 4 on benzene ring Б 
singlet 11.7 1 OH of COOH 


Molecular formula: CgHgO,: 6 degrees of unsaturation 


IR 1692 ст“! (C=O) 
1H NMR 8.2 and 10.0 ppm (singlets) 


| | 


aromatic H COOH 


O z О 
HO OH 
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19.61 
М 3 different C's 
A COOH Spectrum [2]: peaks at 27, 39, 186 ppm 
5 different C's 
B `` “соон Spectrum [1]: peaks at 14, 22, 27, 34, 181 ppm 
LI 4 different C's 
с он Spectrum [3]: peaks at 22, 26, 43, 180 ppm 
19.62 
GBL: Molecular formula СНО» (two degrees of unsaturation) 
IR absorption at 1770 (C=O) cnr! 
'H NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
multiplet 2.28 2 2 H’s adjacent to several H’s [= o 
triplet 2.48 2 2 H's adjacent to 2 H's О 
triplet 4.35 2 2 H's adjacent to 2 Н'5 GBL 
19.63 
HOOC H HOOC H HOOC он ноос OH 
N дон Х дон N zH N SU 
threonine wf “ H wy wf A H "DARAN 
НМ CH3 2 H СН; НМ СН; н СН; 
2R,3S 25,35 2R,3R 2S,3R 
naturally 
occurring 
19.64 
" 
[os Он С 
COOH COOH COO 
proline enantiomer zwitterion 
19.65 
a. methionine RS 
О О О О О О 
+ I + I = I — t I t I = I = 
HgN—CH-C-OH  HN-CH-C-O  HjN-CH-C-O  H,N-CH-C-OH HN-CH-C-O  HN-CH-C-O 
СН СН CHe СН СН Qha 
CHSCH3 CH5SCHs CH,SCH3 OH OH OH 
pH = 1 pH =6 pH = 11 pH = 1 pH-6  - pH = 11 
form at isoelectric point form at isoelectric point 
19.66 
a. cysteine pl = parce PKa(NHs") = (2.05) + (10.25) / 2 = 6.15 


pK4(COOH) + pK4(NHs*) 
2 


b. methionine pl = = (2.28) + (9.21) / 2 = 5.75 
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19.67 


d Q д 
HN С ~ 
2 ак = OH C SH 
i N< HN H 
| НМ H B 
lysine 
This lone pair is localized 
on the N atom, making it a 


base. 


tryptophan 
This lone pair is delocalized in the x system to give 10 x 
electrons, making it aromatic. This is similar to pyrrole 
(Chapter 17). Since these electrons are delocalized in the 
aromatic system, this N atom in tryptophan is not basic. 


19.68 The first equivalent of NH; acts as a base to remove a proton from the carboxylic acid. 
A second equivalent then acts as a nucleophile to displace X to form the ammonium salt of 
the amino acid. 


? NH T | 
R te n NH3 R _ 
oos | BN NH4* Л Со NH,* 
X - | | NH 
acid-base reaction | ^ S? reaction : 
19.69 
a. At pH = 1, the net b. increasing pH: As base is added, the c. monosodium glutamate 
charge is (+1). most acidic proton is removed first, + 
T then the next most acidic proton, and NH3 
Ws so forth. + L 
NH3 ^ OOCCHCH ^ eee Nat 
HOOCCH;CHz" coo | „£ “COO ма 
H HOOCCH;CH;" f^ coon 
base] (1 equiv) 
+ 
NH3 


| 
HOOCCH;CH;" ose 


base| (279 equiv) 


К 
МНз 
| 
-ооссн,сн," 666: 
H 


Базе] (3'd equiv) 


NH» 
| 
-ооссн,сн," у а 
H 


19.70 The first equivalent of NaH removes the most acidic proton—that is, the OH proton on the 
phenol. The resulting phenoxide can then act as a nucleophile to displace I to form a 
substitution product. With two equivalents, both OH protons are removed. In this case the 
more nucleophilic О atom is the stronger base—that 15, the alkoxide derived from the alcohol 
(not the phenoxide), so this negatively charged O atom reacts first in a nucleophilic 
substitution reaction. 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 537 


Carboxylic Acids and the Acidity of the O-H Bond 19—21 


nucleophile 


most acidic proton NaH | nS [1] CHsI ( ) 
- О CH5)4OH СНзО (CH2),0H 
| (1 equiv) X / (Сна, [2] H2O 
Ho-( CHOH — 
кап зо \ 0907 ШОНЫ. но-( )— (Hao 
4 [2] HO 


(2 equiv) 
nucleophile 


19.71 
— б: — О: 
но—{ сон «d ae — HO Уу 7 
=“ e УУ б? ^ __ p DE 
p-hydroxybenzoic acid U . U 
less acidic than benzoic acid like charges on nearby atoms 
destabilizing 
The OH group donates electron density by its resonance 
effect and this destabilizes the conjugate base, making the 
acid less acidic than benzoic acid. 
OH О-Н 
соон C Intramolecular hydrogen bonding stabilizes the 
^ : ~ : et 
o: conjugate base, making the acid more acidic than 
ГТ " benzoic acid. 
o-hydroxybenzoic acid 
more acidic than benzoic acid 
19.72 


H, and H, must be the two most acidic protons since they are part 
of carboxylic acids. Loss of a proton forms a resonance-stabilized 
carboxylate anion that has the negative charge delocalized on two 


ох н О atoms. Н, is more acidic than Н, because ће nearby OH group 
Н.О OHe on the a carbon increases acidity by an electron-withdrawing 
њо H, O inductive effect. Hy is the next most acidic proton because the 
2-hydroxybutanedioic acid conjugate base places a negative charge on the electronegative 
increasing acidity: O atom, but it is not resonance stabilized. 


На < He < Hp < He < На 
The least acidic H’s are H, and На since these H’s are bonded to 
C atoms. The electronegative О atom further acidifies Н, by an 
electron-withdrawing inductive effect. 
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19.73 


most acidic H 


The conjugate base has three resonance structures, two of which place a negative charge on the 
oxygens. In this way the conjugate base resembles a carboxylate anion. In addition, the C=C’s in 
A and C are conjugated. 
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Chapter 20 Introduction to Carbonyl Chemistry 


Chapter Review 


Reduction reactions 
[1] Reduction of aldehydes and ketones to 1° and 2° alcohols (20.4) 


О NaBH,, CHOH OH 
— E R-C-H(R' 
R OHR) me ae 
[1] ЦАН, [2] Н,О H 
or 1° or 2° alcohol 
Ho, Pd-C 


[2] Reduction of o,B-unsaturated aldehydes and ketones (20.4C) 


OH 
NaBH, PW * reduction of the С=О only 
СНОН n 
о | О 
ww Нг (1 equiv) _ ые • reduction of the С=С only 
Pd-C 
OH 
к. ДЕ > | -reduction of both x bonds 
Pd-C 


[3] Enantioselective ketone reduction (20.6) 


o [1] (S)- or (R)- 

ji CBS reagent . 

C~ h — мно ^ НО e Asingle 
enantiomer 15 


formed. 
(R) 2? alcohol 


(S) 2° alcohol 


[4] Reduction of acid chlorides (20.7A) 


: = - ВСН2ОН e LiAIH,, a strong reducing agent, 
о 1? alcohol reduces an acid chloride to a 
Кең I? alcohol. 
R^ ^I 
[1] LIAIH[OC(CHa)sls _ i e With LiAIH[OC(CH3)3]3, a milder 
[2] HO R^ ^H reducing agent, reduction stops at the 
aldehyde aldehyde stage. 
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[5] Reduction of esters (20.7A) 


[1] ЦАЈН, 
[2] H,O £ jah e . LiAIH,, a strong reducing agent, 
о 1° alcohol reduces an ester to a 1? alcohol. 
n on 
[1] DIBAL-H 9 e With DIBAL-H, a milder reducing 
[2] ЊО d n ^u agent, reduction stops at the aldehyde 
aldehyde stage. 


[6] Reduction of carboxylic acids to 1^ alcohols (20.7B) 


9 [1] ШАН, 


Кең RCH;OH 
в ^он [2] НО 


1? alcohol 


[7] Reduction of amides to amines (20.7B) 


[| [1] LiAIH, 
[2] H2O 


Oxidation reactions 
Oxidation of aldehydes to carboxylic acids (20.8) 
e All Cr“ reagents except РСС 


о oxidize RCHO to RCOOH. 
"о СтОз, Ма;Ст507, K2Cr207, КМпОд " e Tollens reagent (Аз > 
or E 
доо, NH,OH éarboxylic acid NH,OH) oxidizes RCHO only. 


Primary (1?) and secondary (2?) 
alcohols do not react with 
Tollens reagent. 


Preparation of organometallic reagents (20.9) 


[1] Organolithium reagents: R-X + 2Li СЕЗ + LX 

[2] Grignard reagents: ВХ M - [(R-Ma-X 
Н 4 (СНзСН>)>0 

[3] Organocuprate reagents: R-X + 2Li R-Li + Lix 


2R-Li + Cul 
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а А ides: Na* -NH - 
[4] Lithium and sodium acetylides Based 2_ Bese Na * NH, 
a sodium acetylide 
R-C=C—H = R-C=C-Li + R-H 
a lithium acetylide 
Reactions with organometallic reagents 
[1] Reaction as a base (20.9C) 


в/м неба — Гвен) + m -R ° RM = RLi, RMgX, RoCuLi : 
Ё = e This acid—base reaction occurs with H5O, 
ROH, RNH>, R;NH, RSH, RCOOH, 
ВСОМН», and RCONHR. 


[2] Reaction with aldehydes and ketones to form 1°, 2°, and 3° alcohols (20.10) 


О [1] R'MgX or В" он 
" — R-C-H (а) 
R^ ^H(R) [2] H20 Hi 


19, 29, or 3? alcohol 


9 [1] R"Li or R"MgX OH 
i | 
R CoR (е equiv) R-C-R' 
[2] ЊО B 


3? alcohol 


[4] Reaction with acid chlorides (20.13) 


[1] и OH • More reactive organometallic reagents—R "Li 
CEU. ~ | R-C-R" and R"MgX—add two equivalents of R" to an 
б = А" acid chloride to form a 3° alcohol with two 
Tye al 3° alcohol identical R" groups. 
R^ са 
[t] пси О e Less reactive organometallic reagents— 
АО R';CuLi—add only one equivalent of R' to an 
[2] H20 ж. 5 acid chloride to form a ketone. 
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[5] Reaction with carbon dioxide—Carboxylation (20.14A) 


О 
Е [1] ВЫ, RMgX, ог R;CuLi _ 


м0, 


[2] H20 


[1] C | 
R'Li or R'MgX 26 
2]H 
ü | [2] H2 А | 
| allylic alcohol 

C. 2C 
| он 
[1] ВСиц aq 
ано || 11 
E 
ketone 


Protecting groups (20.12) 


More reactive organometallic reagents— 
R'Li and R'MgX—teact with о, |В- 
unsaturated carbonyls by 1,2-addition. 


Less reactive organometallic reagents— 
R',CuLi— react with o. B-unsaturated 
carbonyls by 1,4-addition. 


[1] Protecting an alcohol as a fert-butyldimethylsilyl ether 


e 
R-O-H + CI Si- C(CH3)s UA 
CH3 Na, NH 
CI- TBDMS | 


ho 


R-O-Si-C(CHjs 


СН 


[R-O-TBDMS] 
tert-butyldimethylsilyl ether 


[2] Deprotecting a £ert-butyldimethylsilyl ether to re-form an alcohol 


CH3 


(CH3CH2CH2CH2)4N+* F^ 


ОН» 


| 
R-O-Si-C(CHs)s 
CH3 
R-O-TBDMS| 


= 
CH3 


F—Si-C(CHj)s 


[ F- TBDMS 
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Practice Test on Chapter Review 


1. Which compounds undergo nucleophilic addition and which undergo substitution? 


И 0 о C 
a. LC. b. E. с. Кең д. ^H 
СН; CH3 CH3CH;,CHz CI СН; OCH, 


2. What product is formed when CH3CH2CH2Li reacts with each compound, followed by 
quenching with water and acid? 


а. СНзСН›СНО e. CO; 

b. (CH3)2CO f. СЊСНСОСНз 
c. CH53CH5CO;CH5 g. ethylene oxide 
d. CH3CH;COCI h. CH;COOH 


3. What product is formed when HO(CH2)4CHO is treated with each reagent? 


a. МаВНа, CH30H с. AgO, NH4OH 
b. PCC d. М№а›СгОз, Н,804, Но 


4. What reagent is needed to convert (CH3CH2)2CHCOCI into each compound? 


a. (CHCH;);CHCOCH;CH; c. (CH:CH;),CHC(OH)(CH;CH3); 
b. (CH3CH2)xCHCHO d. (CH;CH,),CHCH,OH 


5. Draw the organic products formed in the following reactions. 


H [1] TBDMS-Cl, imidazole 


О 
© [1] LiAIH, / 
a иу ———— c О ) [2] CHoLi 


Ó [2] H20 [3] H2O 


[Indicate stereochemistry.] 
О 
[2] 
[1] Mg NaBH, 


B d. OCH, ———— 4 , 
| ( у Le Eon vu сњон 
O 


[3] НзО* о 
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6. What starting materials are needed to synthesize each compound using the indicated reagent or 


functional group? 


OH 
a. Synthesize: p 


from an ester 
О 
b. Synthesize: 


using an organocuprate reagent 


Answers to Practice Test 
1. a. addition 4.a. (CH3CH2)2CuLi 


b. substitution b. DIBAL-H 
c. substitution c. CH3CH2MgBr 
d. addition d. LiIAIH4 


2.a. CH3CH;CH(OH)CH;5CH;CHs 
b. (CH3)2C(OH)CH2CH2CH3 
C. (CH3CH2)3COH 
d. (CH3CH>);COH 
e. CH3CH2CH2CO2H 
f. CH;-CHC(OHY(CH3)CH;CH;CHs 
g. CH3(CH2),0H 
h. CH3;CH»CH3 + CH3CO.H 


3. a. HO(CH2)s0H 
b. OHC(CH;))CHO 
C. HO(CH2)4CO2H 
d. HO,C(CH>);CO2H 


Answers to Problems 


OH 


c. Synthesize: 


using a Grignard reagent 


6. 


COR 
2o! 


+ CH3MgBr 


o^ ot 


2 


2 


OTBDMS 


= cr 
А с. 


+ CH3CHO 


20.1 


[3] 
Csp?-Csp? 


о-ѕіпепѕа! О: 


[1] Cs? -Csp? 
миљи Н 
\ -— [2]o: Csp?—Osp? 
: Cp-O 


b. The O is sp? hybridized. 
Both lone pairs occupy sp? hybrid orbitals. 
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20.2 А carbonyl compound with a reasonable leaving group (МЕ or OR bonded to ће C=O) 
undergoes substitution reactions. Those without good leaving groups undergo addition. 


pu no good leaving group 
о а addition reactions 


OH 


© 25 \ 
2, P 
О 


20.3 Aldehydes are more reactive than ketones. In carbonyl compounds with leaving groups, the 
better the leaving group, the more reactive the carbonyl compound. 


All other C=O's have leaving groups. 
substitution reactions 


| О 9 О 
С. or C. i: C.. C. 
а. CH,CH,CH; `H снаенсн сна € сњену са 9’ сну осн, 
less hindered carbonyl better leaving group 
more reactive more reactive 
b 0 О а ? О 
| Р: es ge т „©, 
CH3CHs~ “СНз CH3CH(CH3)~  “`СН,СНз CH4^ `ОСНз сну ~NHCH3 
less hindered carbonyl better leaving group 
more reactive more reactive 


20.4 NaBH; reduces aldehydes to 1? alcohols and ketones to 2? alcohols. 
ji NaBH, OH 
C. CH3CH;CH; -C—H NaBH, 
a. CH4CH;CHz ^ ^H CH4OH eke es T с. 
H H3OH 
О о Он 
мавн, 
OO Oe 
CHOH 


20.5 1? Alcohols are prepared from aldehydes and 2? alcohols are from ketones. 


H 
OH О 

а. БРИ == sn A b. vas = *2 " CY Es О 

20.6 


он 3? Alcohols cannot бе made by reduction of a carbonyl group, 
because they do not contain a H on the C with the OH. 


1-methylcyclohexanol 
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20.7 
OH 
О 
О [1] ЦАЈН, он 52 Н» (excess) Pp 
a. 2 EP pu , > 
М7 унго 9 РАС 
OH О 
О NaBH, NaBH, (excess) DH 
CH4OH СНзОН 
О О О D OH 
Н» (1 едим NaBD. pum 
с и МИМ Е pw v f. bu d - 
| Pd-C CH4OH 
20.8 
О NaBH, OH OH 
a. pou CH3OH Ш м 
sid мавн, 
b ‚ә CH4OH он 


с. (creo QE снс—( он + Chae )-он 
CHOH 


20.9 The 2° alcohol comes from a carbonyl group. Since hydride was delivered from the back 
side, the (R)-CBS reagent must be used. 


о 
Н drawn back О 
—> 
N 
| "OQ 
F 
+ 
(R)-CBS 
20.10 
Part [1]: Nucleophilic substitution of H for CI 
a To a 
~ = СНз ССІ - 6er 
сна пр fU p^ cuu * 
НЗАГ-Н 
+ АН; aldehyde | H replaces СІ. 


Part [2]: Nucleophilic addition of H^ to form an alcohol 


8 CH > HGH CH ju б 
-C- = —C-H + :ÜH 

HCH 3—6 3—6 :O 

c s [3] н! [4] H 

ton + АН: 1? alcohol 


20.11 Acid chlorides and esters can be reduced to 1? alcohols. Keep the carbon skeleton the same 
in drawing an ester and acid chloride precursor. 
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0 
о О C. 
7 // CI 
Он ОФ « О— O 
Cl OCHs СНОН CH,O 
Cl OCH; c. ДУ = E 
CH30 C. 
b. OH == о or o Lx осн 
СНО 
20.12 
О [1] LiAIH, О | 
C. [1] НАНА CH3N(CH3)o 
a. OH  [2]H;O CK ^он с. N(CH3)2 
[2] H2O 
О 
? 1] ЦАЈН, i 
"TK. cat 
| NH2 руно ин; [2] H20 
20.13 
О 
снн C О 
2. 2 ~ 
gi Ayo = Ay 
a C. N =» М 
H H 
9 о 
CHCH C CHCH 
Ут а `N’ 2CHs "У 
р =» { or 
CH2CH3 CH2CH3 CH2CH3 
20.14 
: СНО О СНО OH 
О [1] LiAIH, Ор 2 П] ШАН, ^ 3 
а. МОД соосн, ET E МУ ылы с. — 
[2] H20 OH [2] H2O 
+ HOCH; 
мавн, OH NaBH, сно OH 
CH40H p CHOH - TE 
[1] LiAIH4 
b. wore нано | носем он + носна 
NaBH, | | 
———— Neither functional group reduced 
CH4OH 
20.15 
mms D аа 
Temm 


Pd-C 


CO2CH2CH3 CO2CH2CH3 
(2 ain 
OH 


Pd-C 
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с. AA Wont 
[9] 

d. n toon 
О 


20.16 Tollens reagent reacts only with aldehydes. 


[1] ЦАН, 
[2] H2O 


NaBH, 
CH3OH 


d on + СНзСН»ОН 
ОН 


CO;CH;CHs 


о 
Ад,О, NH,OH 
А920, МОН _ No reaction он [ORE поје pow 
a. (њон = b. ALU оно — И 
= COOH И 
Ма;Сљ0. ( / Na2Cr20; C~ oH 
H,SO,. HO н,Ѕ0, НО P 
20.17 
OH CHO 
CHO c. B 
HO 
B 
OH О 
NaBH, СНОН а. в А920, NH4OH Сон 
а B ` 
CHOH HO HO 
0 
OH : 58 
в [1] LiAIH, CHOH 6 B CrO; 
. B А 
21ЊО но HSO, њо © 
20.18 
а. CHa3CHoBr + 2Li ———- CH3CHoLi + LiBr C. СНзСН>Вг + 2Li ———- CH¿CHLi + LiBr 
b. CH4CH9Br + Mg —— —- CH3CHsMgBr 2 CH&CHaLi + Cul———- LiCu(CHsCHg), + Lil 
20.19 


HC3CCH,CH;,CH;CH,CH,CHs + NaH 


НС=ССНСНСНСНСНСНз + CH3MgBr 

20.20 

a. ( у + НО С) + ЦОН 
bd: СНз 

b. CH3~C—MgBr + НО СНз-С-Н + HOMgBr 
СНз СНз 


d. CH4CH;CEC-Li 


Ма“ СЕССН»СН>СН»СН»СН»СН. + Н» = hydrogen gas 


BrMgC zx CCH2CH;CH2;CH5CH5CHs + CH4-4——— methane gas 


MgBr 
C. + НО 


СТ + HOMgBr 


CH,CH,C=CH + LiOH 


+ H2O 
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20.21 To draw the products, add the alkyl or phenyl group to the carbonyl carbon and protonate the 


oxygen. 


[1] CH3CHsCHbLi = des C [1] CgHsLi 
a. ымЫ— C. О ———————- 
e d HO СЊСЊСНа 


[2] H20 


[2] H20 


OH 


О - К 
1] СНАСНоМаВг E 3 


CHs~ `H ру њо 


1] CH;CH4Li CHCH 
b. cm =o M CHCH с dic 
[2] H20 OH 


OH 


- 1] СЊ=О 
Wi [1] Өх. Учи а Др Lene: nat ен Да C=C -CHOH 
Ш 
С EUIS NN 
H 


[2] H20 


OH 
oy 
‘CH »CH3 


OH 
OH о EN М 2 f MgBr 
1 П а. => Д; + 
а. |CHs у СНз => снамовг + у “Сен, Z 


о 


о 
b. СНОН MgBr , Ü EN [^ 
== H^^H 
2 


он o 
( С-СньСН» —( {+ сњсњмовг 
4 H 
20.24 
OH o 
a; pue = pum ОН SS 


linalool 


[9] 
(three methods) pu ae p 


О 


тие OH 

OH gBr 

с. + С. 96 — + СНаМдвг 
С—СНрСНа H CH2CH3 | 


Li 
он => м 


lavandulol 


+ CH2-O 
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b. N = > CHO c. Linalool is a 3? ROH. Therefore, it has no H on the 
он carbon with the OH group, and cannot be prepared by 
reduction of a carbonyl compound. 


NaBH, 
CH4OH 
20.25 
N(CH3)e N(CHs)> 
OH 8 
А CY + BrMg 
OCH; OCH; 
venlafaxine 
20.26 
сно сно онон 
3 = 
TBDMS-CI C=CH 
[1] Li-C=CH 
imidazole 
[2] H2O 
HO TBDMSO 
estrone TBDMSO 
(СНАСН„СН;СН;) МЕ 
он 
ОНУ C-CH 
ethynylestradiol 
HO 
20.27 
OH 
O [1] CHaCH2CH2CHMgBr i 
LC. (2 equiv) CHSCHa с CH;CH;CH;CHs 
a CH3CHz el [2] ЊО CH2CH2CH2CH3 
О 
C. [1] CHNCH;CH;CH;MgBr OH 
b Cy обњ (2 equiv) _ CH.CH;CH;CH; - C- CH/CH;CH;CHs 
[2] H20 
PW [1] CH;CH,CH,CH,MgBr OH 
Е OCHsCHg (2 equiv) -  CH,CH;CH;CH;- C- CH;CH;CH;CH; 
[2] PRO CH;CH;CH;CH;CH; 
20.28 
п "e 
C. + gbr 
ОВО — oka 
СНз (2 equiv) 


О 
I 
^C. 
b. (CH&CH;CH;jCOH ===> CH40^ ^^CH;CH;CHs + CHgCH»CH»MgBr 
(2 equiv) 
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он ? 


l „С 
с. CHs- C - СНгСН(СНз) —— сно“ ^CH$;CH(CH3) 


СНз 
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+ CH3MgBr 
(2 equiv) 


20.29 The В group of the organocuprate has replaced the Cl on the acid chloride. 


0 [1] (СНз)Сиш о 


С ri [1] (Ph);CuLi О 
" C pom 
А. ОНОН `CI eg CH&CHz^ ТСН ^ CHsCH "Cl (puo — Ур 
О [1] [CH&CH2CH(CH3)];CuLi О 
b. Sod sei [2] H,O {ү 
20.30 
о 
ДП [1] LiAIH[OC(CHs)s]3 i М [1] (CH3CH»)CuLi [e] 
a. (CH, CHCH;^ а! [2] HO (CHg;CHCHg;7 ^H с. (CH3;CHCH?7 хс [2] HO p 
2 
b i 1] CHyCHpLi (2 equi чо d i n 
'(CHg,cHcH, “о 11 CHseHaLi (2 equiv) pup ` (снз)гснснг“ СО! о  (CHsleCHCHeCH2OH 
[2] H2O 
20.31 
9 о 
Сон (јен + о 
x ЈИ yon 
а. | | CHa dibus E" =? Ae + [(CHg)3C],CuLi 
Є 1 
О О 
ог or 
9 О 
С C. + (СНасиц 
СНз| => Же] CI + [(CH3);CH];CuLi 
=» 
О Ó 
20.32 
9 о 
Br [1] Mg MgBr [2] СО; С [3] НзО* C" 
jT g Cy CT 
3] H4O* 
b. Уа №. ма 21.002, соо BPH EL coo 
1] M 2] CO 
с. сно— сны [1] Mg сњо-6  ў—ондщв [2] CO2 сњо–(_ )-оњсоо- 
| [3] НзО* 


сњо—(_ ў—оңсоон 
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20.33 


СІ = Се (CY © уло = ро 
== OH 

с а — Q 

(+ enantiomer) 7 


20.34 The characteristic reaction of œ,ßB-unsaturated carbonyl compounds is nucleophilic addition. 
Grignard and organolithium reagents react by 1,2-addition and organocuprate reagents react 


by 1,4-addition. 
[9] 


О 
CH3 tn (сњусиц она 2 [1] (СНајСиц 
а. pl нас А 
2] H20 2] H2O 
CH, [2] H2 сн, [2] H2 
сна 
HO C=CH HO C=CH 
CH 
[1] H-C=C-Li Е [1H-c2c-Li 22 
[2] H2O [2] ЊО 


b. de Ол [1] (СНаСиц 


Ó [2] НгО Ó 


[1] H-CzC-Li 


[2] H2O 
HO СЕСН 
20.35 
a. сн,сн,он 5890. сн,сн,вг CH;CHMgBr 
їз 
ко. { [1] CHsCH»MgBr С 
О " 
[2] H2O 


Cy 
De ce 


(from a.) 
Des Ou + OVS 
Pd-C 
(from a.) 
M 
a ( он ##' ог -( Бр 26 ( у чв 
" Су OX 
сњењон РСС. сн.сно он 9 
О OH 
‚ О-= Bie OF 
(from d.) 


HS0, 


CH3CH2OH CHp=CHp 


mCPBA 


О 
TAN 
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20.36 
О OH 


МА ам ДА 


CH4OH 
OH 


b. [1] НАНА 
[2] H2O pw 
c. [1] CHsMgBr (excess) OH 
[2] Но Е P ы 


НО OCgHs 


а. [1] CgHsLi (excess) - 
[2] H2O 


e. NagCr207 
H2SO, 
Но 


No reaction 


СНзО 
OCH; a. NaBH, 


No reaction 
CH4OH 


B b. [1] НАНА CH3O 


[2] H2O m 


CH3O 
с. [1] CH3MgBr (excess) OH 


[2] HO 7 


CeHs СНБ 
d. [1] CeHsLi (excess) СНзО 


[2] Нго 


e. Ма>›Сг>О7 
H2SO4 
H2O 


No reaction 


20.37 


а. Noy PCC Д. [1] BrMg— CH;CH; 
H [2] HO db d 


OH 


о OH о OH 
[1] CH3MgBr PCC [1] CHaMgBr | и 
" к [2] H2O J^ oe [2] H2O 


(from a.) 
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OH рва Вг [t]Mg 
BE -AÅ Erho" pu 


(from b.) [3] H20 
СНзОН РСС 
О 
H PBA 1] BrMg—CH,CH 
d. У Сон 2904. СН›=СНЬ me x РОН “мы зең 
(from a.) 
[2] H2O 
20.38 
О О 
H 
a ~~. е, — пению 17 
| н cHoH “^он 9% H 
[2] H2O 
О О 
А OH 
11 ЦАЈН [1] Сена i 
b SN, PIU 4 NN 0H Ret ы k 
ò [2] H2O [2] H2O 
я H2 ? 
с. H NN Оон i. [1] (CH3);CuLi 
Pd-C CINGUNT зн No reaction 
О [2] H2O 
OH 
d. ММ Ун РОО No reaction | [1] HC=CNa 
о о [2] НгО SS 
Ма>2Сг>О7 
аена m O  исн.с=сы OF 
H2SO4, H2O он к 
хх H я 
О о [2] H2O BS 
Ад20 
NN а жу L и TBDMSCI 
NH4OH OH OH — У У 0-TBDMS 
imidazole 
20.39 
Li (2 equiv) 39726 Но Ау LiOH 
а. AN“ Be ——— 40773) + цв X Li + Li 
Mg 
b. Ро о" “мавт Е мове 20 Amp + DOMgBr 
1] Li (2 equiv СНзС=СН 
У В Ше еМ | онсн,сньсн,)ьси AN 1 “~~ + LiC=CCH, 
[2] Cul (0.5 equiv) 
20.40 
сњ=о H,O 
У МдВг БР мз он 
а OH а ^ Моё CH3CH2COOCH3 А 
b. „с MgBr С» 2 м MgBr CHCOOH =. 
040 —— ~™ +сн.соо 
ОН 
с. МВ" ^X MgBr HCZCH / ^. + Hcsc- 


РОН Hee ~ + 
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О 
MaBr CO2 НзО* _ 
9. “9 = к ај i. У LL MgBr DO ADB + OD 
O (o 
7 OH 
ћу MgBr kO d j М / — , H20 OH 
20.41 

o о 

о 6 
а. Cy Sci _(CHsCH2CH2CHə)2CuLi _ Cy “CH CH»CH2CH, 

О 

С 

` (CH4CH;CH5CH5);CuLi 
b. T oer; sCHeCHCHa)2 No reaction 

0 О 
C. [1] (СНзСН»СН»СНЬ )2CuLi CH3 
[2] H2O 
CH;CH;CH;CH; 
d. А „СНз [1] (СНзСН»СН»СН2)>Сиы _ PE 
CH3 [2] H2O 


20.42 Arrange the larger group [(СНз)зС-] on the left side of the carbonyl. 


H OH HO H 
a. | NaBH,, CH3OH XT. e 
о 
x^ b. [1] (S)-CBS reagent; [2] H2O 
R 
H OH 
€. [1] (R)-CBS reagent; [2] НО 2 
$ 
20.43 
Он но, сњ 
a. NaBH,, CHOH CH, а. сна; [2] H2O CY CH; 
о O HO, | CH;CHs 
"CH 
CY Сон, b. Њ (1 equiv), Pd-C СНз е. [1] CHCH;MgBr; [2] НО CY CH; 
OH 
^ о 


СНз C. 
c. Њ (excess), Pd-C f. [11(CH22CH);CuLi; [2] НО CX СНз 
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20.44 


I 
C. 
а. (СНз)»СНСН»СН "CI 


О 
c 
b. (CH3)>CHCH,CH,~ "CI 


О 
c 
c. (CH3)>CHCH,CH,~ СС! 


I 
Cy 
d. (снугснењењ“ а 


20.45 


О 
Д 


C. 
b. CH4CH4 ^ "OCH;CH;CHS 


О 
Il 


Cy 
C. CHCH“ ~OCH,CH,CH, 


20.46 
о мавн, 
Ec ћи 
COOCH; СНзОН 
b. О [1] LiAIH, 


P Р РН [2] H2O 


20.47 


СН 
а. пе 
Сн» 
О [1] CHyCHeMgBr_ 
RII me [2] HO 


[1] CO2 


[2] НзО* 


Cy 
CH,CH;~ ~OCH,CH,CH, 


о [1] ШАН, 
I кыбы EH 
COOCH; (СНз)>М [2] НО 


Cem 


о 
[1] ШАЇН[ОС(СНА)з]з à 
[2] HO (CH3)2CHCH2CH3^ ^H 
о 
[1] (СН,=Сн),Сиц i 
LIEST 
aise (CH3)>CHCH»CH3~ ^ CH-CH; 
[1] CeHsMgBr OH 
eau) (CHs),CHCH,CH, —G—CeHs 
[2] H20 CgHs 
[1] ЦАН, Он 
CH3)2CHCH2CH2—C—H 
[2] но ( з)2 2: 2 i 
H 
ЦАН: снсњењон 
[2] H2O 
[1] CHsCH»CH»MgCl он 
(2 едим) 1 
~  CH,CH;- C- CH;CH;CH; 
[2] H2O CH5CH;CHs 
[1] DIBAL-H 0 
CH3CH p^ 
[2] H2O SE 


OH 
OH 
(CH3)oN FI о. 


о 
OH d о [1] LiAIH[OC(CH3)3]3 


о 
t H OH 
өлү" ано кор 


о [9] 


COCI 
© 
[2] H2O 
d. (_ | соовнесн, 


[1] CgH;MgBr 
(excess) 


(ОРО 


[1] CHsMgCl 


OH 
| 
[2] H20 OH 
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OH 
| [2] H20 ы ( Е [HO ^ | 
О i (0) 
[1] (CH3)2CuLi o | 
f. Fw Die ui. Die ie h. EN [1] (СНу;Син сү 


[2] H20 CeHs [2] HO 


20.48 


[1] CHsLi К 
а. (CHg)3C ( yo - (CH — № + (CH ot у 
3)3 [2] HO (СНа)з он (СНз)з 'OH 
[1] CH&CH2MgBr „Он ©н;ОН3 
А 
[2] ЊО CHCH; OH 
OH „„СНеСН; 
3202: ] (CH2-CH);CuL i or Р CX 
[2] H2O ‘CH=CH; OH 
BULUM 
COOH 
[2] CO; н 


[3] НзО* 


Н OH 


[1] (S)-CBS reagent КӘ 
о [2] H2O POS 


1] ЦАЈН, CH,OH 
б сюе Ф + HOCH;CHs 
[2] H20 С 


H 


20.49 Three carbons bear a 5° because they are bonded to electronegative О atoms. 


C3 


C1 is an sp? hybridized C bonded to ап О so it bears a ё. There are no additional resonance 
structures that affect СІ. C2 is part of a carbonyl that has three resonance structures, only 
one of which places a (+) charge on C. The О atom of the ester donates its electron pair, 
making the carbonyl C less electrophilic than C3. C3 is most electrophilic. Its carbonyl is 
stabilized by two resonance structures, one of which places a (+) charge on carbon. 
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О О О 
22909! СТ dT 
O donates electron density. 
C3 


| О: о: 
Nd 
bd (eG. full (+) charge 
о О о о 


most electrophilic site 


20.50 The organolithium reagent is a nucleophile and a base. As a base it can remove the most acidic 
proton (between the benzene ring and С=О) to form an enolate that is protonated by D4O '. 


OCH,H OCH; OCH,D 
3 XO "Ng op н 
re 2 
HC=C-Li —— G =u =, + ро 
OCH; OCH, + НСЕСН OCH; 
ha 
A * Li B 
| буйый; 
OCH; 
Фен 
OCH; 


20.51 Both ketones are chiral molecules with carbonyl groups that have one side more sterically 
hindered than the other. In both reductions, hydride approaches from the less hindered side. 


The СН. groups on the bridgehead carbon 


2H's make the top more hindered. Н“ attacks 
less hindered from below to afford an exo OH group. 
Attack comes from above. Attack comes from below. 
нон 
СНз CHs 
BULL "RPM [1] ШАН, 
rom above 

сна [2] H20 [2] H2O OH 

H OH 
H from 
| endo OH group exo OH group below 


The concave shape of the six-membered ring makes the 
bottom face of the С=О more sterically hindered. Addition 
of the H^ occurs from above to place the new С-Н bond 
exo, making the OH endo. 
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20.52 Since a Grignard reagent contains a carbon atom with a partial negative charge, it acts as a 
base and reacts with the OH of the starting halide, BrCH2CH2CH2CH2OH. This acid-base 
reaction destroys the Grignard reagent so that addition cannot occur. To get around this 
problem, the OH group can be protected as a tert-butyldimethylsilyl ether, from which a 
Grignard reagent can be made. 


basic MS acidic site 
ӧ- + _ 
Mg УМУ ОН ап а СНз и „о + HOMgBr 


BrMg | | proton transfer 


These will react. 


OH 
Bra О N 


INSTEAD: Use a protecting group. 


TBDMS-CI 
H TBDM M 
Br О = Br ur UM S g Bin NN _ OTBDMS 
imidazole ether 9 о 
protected OH [1] Ò 
[2] H2O 
OH (CH4CH4CH4CH;)4NF OH 
OH OTBDMS 
A 


20.53 Compounds F, G, and K are all alcohols with aromatic rings so there will be many 
similarities in their proton NMR spectra. These compounds will, however, show differences 
in absorptions due to the CH protons on the carbon bearing the OH group. Е has a СНОН 
group, which will give a singlet in the 3—4 ppm region of the spectrum. G is a 3? alcohol that 
has no protons on the C bonded to the OH group so it will have no peak in the 3-4 ppm 
region of the spectrum. K is a 2? alcohol that will give a doublet in the 3—4 ppm region of 
the spectrum for the CH proton on the carbon with the OH group. 
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[1] Os 
[2] CH3SCH3 


C * 

| он [] Mg M 
[1] CeHsMgBr H2S0, BEN" а p loe — 

[2] ЊО S [3] ЊО a 

aN 


A B 
( > 
p к 2 
mCPBA [1] (CH3);CuLi 
[1] ЦАНА = о Рае S 
pau Ч E мно < „СНз 
CV 
OH Br MgBr он 
@ РВгз Ф Ма С [1] CoH;CHO 
[2] H2O 
H I J K 
20.54 
O [1] (R)-CBS H OH 
R O Cl reagent Nal в О 2 1 
LN d > о a 
E [2] НО E 
R о R о B 
(CH3CH3)SSICI 
imidazole 
нон , н OSI(CH;CHj)s н OSi(CH2CH3)s 
Bs Х N KF R O L NHCH(CHg)e в о | I 
— š ‘si 
p R/ o A (CH3)CHNH> р? 
20.55 
_ недн 
О EF 
<) :0; o. 
О: у Br — PS 
a. | aa QF HÖH 
+ 
йш CH3'-MgBr * MgBr | 


:OH 
HOMgBr + је а 
OH 
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неон  H^OH 


б; (~ & (gr co | 
2 2 : О = бт 
CH,CH;CH;CH,—MgBr BrMg 7 ~~} 7 

+ MgBr | 


BrMg--CH»CH»CH»CH»—MgBr + Мовг 
:ÓH . 
HOMgBr * СА а 
20.56 
MaBr + CHa p öc — ^ СЊ0-60009 = ш + Сна: 
В + 
+ MgBr 
MgBr 
б "s ОГ 
С Ко; y 
5 * CH305C + MgBr 
S 
4 
~ MgBr ( |) чв + снб 
' њо 
:ӦН 
{у ) + CHOH + HOMgBr 
iii 
Su 
20.57 
© б: :0: об 
о Cu Ske 
H—AIH3 < H H—AlHs H 
О еј [e UN О н._+АЊ 
Q: 2 о 
О О О О 
+ АНз H—AIH3 
OH Fen Fen "en 
HO = ЕТА 
ДО он 0 = ©: = 9 [| „+ АН 
Protonate О: H о: = О: 
four alkoxides. — 4, С ло: Н 
en 9 AIH, ЮМ А z 
Н-АНЗ 
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20.58 
CHOH MgBr о BrMg 
T 
Е Ж = 
„С СТИ, «а. 
ог [9] 
m dca = gr d о а ~ MgBr + 
он [9] 
ог ог О 
H 
4 № 
| ан MiB CH3MgBr + 


О 


OH 
C. (С6Н5)зСОН => (CgHs5)oC=O + змо— ) е. (је > + мове 
20.59 
(а) 
со COLLO: 
ES -— MgB 
(eA CB) ш 


О 
(b) + H 
—== BrMg~ ~~ 
о 
2: а 
— N + 
MgBr 
о 
20.60 
Пе 9 
а. 
FO = уу О-= ms 
С. (CH3CH;CH;CH5);C(OH)CHs —> 
(2 equiv) + вм УМУ 
о (2 equiv) 


d ==» С 
b. CH;- C СНСН2СН(СнНз) CH30~ ^CH,CH;CH(CHg) + CHs-MgBr 
CH; (2 equiv) 
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20.61 


Cy 
а RU [en ( Ys- CH2CH3 
(two ways) 
(three ways) 
= сум Шы „з ы 
О 


jd 1 
40 = 
or о 
Li 
O 


or О 
о бео 
or О 
| Li 
7 „С 
=> + (у CH3CH3 OCH; + OCT 
20.62 


О 
а. NNO У их М + /\ HO 


ae а E 
b. Ке + BrMg—CgHs H 
+ “МВ! 


(three ways) 


20.63 
M но 
В 9 MaB 2 
Ceh v бн Vr сене ~ 
KOC(CHs) H 
B 3)3 2 
Ceh ~ сен SS Gi s 
Pd-C 
LiAIH 
B 4 
Ceh ~ gi ~ 
20.64 
“чым! Mg Anna МОВ + 1 ~] 
A zz OH 


H H 
ae RU UT 
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20.65 


OH РВгз Вг М9 MgBr [1] CH»=O CHOH 
Ы [2] H,O 


) 
OH О 
с СтОз [1] CH9MgBr он 2504 mCPBA 
: H280,, H2O [2] H2O 


major product 


OH eo, mCPBA (о [1] CeHsMgBr OF aus 
[2] H2O сан 

ее О [1] СНАСНСНМдвг Су“ H,80, 

OH 

[2] H20 


TE OL O- 0 
| [2] но cH [2] (СНз)25 CHO 


major product 


OH o Ш MgBr OH 
ec a.) 
g. PCC H 
[2] H2O 


(from a.) 
MgBr 
О T a.) 
[2] H2O 
(from c.) major product 
20.66 
OH Br MaBr ТА 
а. РВиз 9 
b. d od 
p T p me, 


OH 
[1] СНАСНО OH б [1] (мови 
Y^ ив ~ 94 Ок 


[2] H20 
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[1] 2 Li 


MgBr 1 | ) 
Е A |. i ai Ө: Вг = [(CH3)2CH]>CuLi 
(from a.) [2] Cul (0.5 equiv) 
| [2] НгО (кота.) 
[1] ти 


[2] H2O 


О 


Би 


20.67 


РСС [1] ман 
[2] СНАГ 
estradiol 
[1] HC=CLi 
[2] H2O 


mestranol 


20.68 


© A N> Bro + -OC(CHg)s (07: 1] BH, нови 
а. pus 
АСВ 2] HzO», 5 
О 
2 = MgBr [1] ZN OH 
FeBrs [2] H2O 
OH 
» CH,CI ot Br; Br Mg MgBr [1] ЊС=0 СГ 
АСВ [2] H2O 
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OH 


MgBr [1] CH3CH= О РСС 
£M [2] H2O 


Sade у je 
AIC, 7 о | Mg OH О 
Фа Br Маон_ е 


он РСС н [1] СНзМоВг PCC 
[2] H2O 
(from a.) 
20.69 
= [1] СО, 
ҒеВгз 2] НзО* 
оо 

MgBr | CHOH CHO [1] PhMgBr 

300 T =0 eder a вес = У “(from a.) PCC 
[2] H2O [2] H2O 

(from a.) 


РВгз 


CH3CH,CH,MgBr 
[1] CH3CH2CH2MgBr 


PCC PCC 
CHSCH,CH;OH CH,CH;CHO a SUE SES, ad 
[2] H2O 
OH о 


C. CH,CH,CH,OH 


CH4CH,CHBr 


[1] РАМОВг HO 
dio pcd (from a.) 
О [2] Н2О 
CY e у -= Cre FeBrs "c 
Q 
20.70 
PCC H [1] СНАСНМаВг PCC 
HO —— 
a. DNL ЕЕ. do Rd pee 
ic [2] H2O 
О OH О 
Bra Mg 
CH4CH;OH CH4CH;Br СНзСНМаВг 
ОН 
OH Bes О [1] ОН»ОН;СНУМӘОВт _ М 
b. A A "ње 
Brz Mg 
СНАСНСНЊОН СНАСНСНоВг CH34CH4CH4MgBr 
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: pur" PCC н 17 Снзснгснгснгмовг 
| [2] H2O 
Ó 


PB 
CH3CH2CH2CH2OH E CH3CH;CH;CH?Br CH3CHsCH,CH,MgBr 
á н 17 (CH); CHCHAMgBr _ PBr; T 
| [2] ЊО 
H B 
| ° ' MgBr 
(from c.) 
[1] CO; 
(СНз)>СНСН2ОН (CH3);CHCH;Br (CH3)2CHCH,MgBr [2] H,O* 
CO;H 


& М. HBr P X 
он Br | MgBr | H,O AX PBrs mm AME 7-OC( юн» ДМ 
(from c.) ds 


о 


20.71 


по L [1] СНзМоВг HSO Hə, Pd-C 
а (= [2] H0 9798 RS Lon i x ы 


b OH OTs 
ММ = A НО ie pw mm = po 
SH [2] H20 pyridine 
[ren oN | -CN 
Mg 
x рь У Mgr 
A 


о 
с. осы НАМ он_Ман _ о CH;CHol 
TR Но CFeB > 


(+ "А isomer) 


568 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 20—30 


[1] NaH HQ твомз-с\ QTBDMS OTBDMS [1] О кешл ж 
e. HC=CH CH3CHC=CH > CH3CHC=CH > CH3CHC=C CH3CHC=C 
[2] CH3CH=O imidazole [2] H20 
[3] НгО TT |ењонгононаме 
I 
OH 
20.72 
Hp 
Hp Ha | На 
| © | Преаю 1716 ст" (С=0) авн | н он, |  !Rpeak:3600-3200 cm"! (OH) 
СНз Ch, 1H NMR: 2 signals (ppm) Ы На CH, 1H NMR: 4 signals (ppm) 
H H doublet 1.2 (Hp) СНзОН H H doublet 0.9 (На) 
Hy” CH, СНз ^H, septet 2.7 (Ha) ~“ Chs Chs ^H, singlet 1.5 (Hj) 
| | | | multiplet 1.7 (Ho) 
Hy Hp NE: triplet 3.0 (Hp) 
СуН,60 
СНО B 
A 
20.73 
p 
н H 
Е x 
[1] CeHsMgBr OH, | реак 3600 3200 ст“! (ОН) 
Hy 77H СНз=— На CHCH H NMR: 4 signals (ppm) 
Нн CH;—H [2] H2O P singlet (6 H) 1.2 (Ha) 
C4HgO i Ha Ha singlet (1 H) 1.6 (Hy) 
С C4o0H440 singlet (2 Н) 2.7 (Н,) 
1Н ММВ: 2 signals (ppm) D multiplet (5 H) 7.2 (benzene ring) 


singlet (6 Н) 1.3 (Ha) 
singlet (2 H) 2.4 (Hp) 


20.74 
ji He IRpeaki743cm"(C-O) [1] CHaCH>MgBr њ OH, Њ 
сну осно, 1H NMR: 2 signals (ppm) (excess) 
| triplet (3 H) 1.2 (Ha) [2] HO | бн» 
He ТЕ. singlet (3 Н) 2.0 (Ha) Ha | Ha 
95852 uartet (2 Н) 4.1 (Н c 
| quartet (2 H) 4.1 (Hp) eii 


F 


IR peak 3600-3200 ст“! (OH) 


окон, Соус, 1H ММВ: 4 signals (ppm) 


triplet (6 H) 0.9 (Hj) 
singlet (3 H) 1.1 (Ho) 
quartet (4 Н) 1.5 (Hy) 
singlet (1 H) 1.55 (H4) 
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20.75 Molecular ion at m/z = 86: CsH100 (possible molecular formula). 

Determine the number of integration units per H: 
Total number of integration units: 25 + 17 + 24 + 17 = 83 
83 units/10 H's = 8.3 units per H 

Divide each integration value by 8.3 to determine the number of H's per signal: 
25 units/ 8.3 = 3 H's 
24 units/ 8.3 = 3 H's 
17 units/ 8.3 = 2 H's 


О i ү 
ннде. ПО УМОВА ша. IB peak 1721 cm"! (С=О) 
[2] H4O* СН; CH3 H NMR: 4 signals (ppm) 
! \ triplet (3 Н) 0.9 (H,) 
Која Hy sextet (2 Н) 1.6 (Hy) 
На На singlet (3 H) 2.1 (Ho) 


triplet (2 H) 2.4 (Ha) 
20.76 Molecular ion at m/z = 86: CsH100 (possible molecular formula). 


Нь На на IR peaks: 3600-3200 cm"! (OH) 


ce | М 1651 ст“! (С=С) 
| И [1] (CHa)aCLi _ Н 1H ММВ: 6 signals (ppm) 
E 2 OH singlet (1 H) 1.7 (H4) 
| c |. H H | singlet (3 Н) 1.8 (Hj) 
ш EE а triplet (2 H) 2.2 (Н) 
H; № He triplet (2 H) 3.8 (Ha) 
H two signals at 4.8 and 4.9 
due to 2 H's: He and Н; 
20.77 
Hy, He , 
u [1] CH9MgBr | { ІВ реак 3600-3200 ст“! (OH) 
O „РСА or ue ORE IN 1H ММВ: 5 signals (ppm) 
[2] H2O tf | triplet (3 H) 0.94 (Н,) 
Ha He н; multiplet (2 H) 1.39 (Hj) 


multiplet (2 H) 1.53 (H,) 
singlet (1 H) 2.24 (На) 
triplet (2 H) 3.63 (Не) 


Ио — он + HOMgBr 
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20.78 


о OH OTBDMS 
вг [1] (R-CBS Br Br 
reagent TBDMSCI 
HO Ee ш imidazole — TBDMS—O A 
COOCH; COOCH; (2 equiv) COOCH; 
H [1] NaH 
OP ee [2] В ‚о - 
NNN gr 
NH3 
ты A ааты 
B 
OTBDMS 
H 
A + B аа ue. vafis. a ВВВ 
т [1] НАНА 
COOCH; [2] H,O 
OTBDMS 
N Сен 
ИСС МИ о NO 
TBUMS-O (СНАСН„СНЊ„СН ЈАМЕ 
он 
(R)-salmeterol 
20.79 


larger group 
equatorial 
OH =— axial 


[1] L-selectride | 
вные—( )=о - Ondo он = (HOC. LL M 
[2] н.о | 


cis-4-tert-butylcyclohexanol equatorial 
major product 


4-tert-butylcyclohexanone 


L-Selectride adds H^ to a C=O group. There are two possible reduction products—cis and trans isomers— 
but the cis isomer is favored. The key element is that the three sec-butyl groups make L-selectride a large, bulky 
reducing agent that attacks the carbonyl group from the less hindered direction. 


с [on OH axial 
BT ee = M 
(СНз)зС iip" (СНз)зС | (СНз)зС 
Рав—н equatorial cis product 


When H adds from the equatorial direction, the product has an axial OH and a new equatorial 
H. Since the equatorial direction is less hindered, this mode of attack is favored with large 
bulky reducing agents like L-selectride. In this case, the product is cis. 
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R 
Axial H's hinder ) 


axial saa Да Н = axial H axial 
ERR В H20 ~ 7- | 
(СНз)зС M "T (СНС OH equatorial 


trans product 


The axial H's hinder Н“ attack from the axial direction. As a result, this mode of attack is more difficult with 
larger reducing agents. In this case the product is trans. This product is not formed to any appreciable extent. 


20.80 The В carbon of an o, B-unsaturated carbonyl compound absorbs farther downfield in the °C 
NMR spectrum than the o carbon, because the В carbon is deshielded and bears a partial 
positive charge as a result of resonance. Since three resonance structures can be drawn for an 
o, D-unsaturated carbonyl compound, one of which places a positive charge on the В carbon, 
the decrease of electron density at this carbon deshields it, shifting the ^C absorption 
downfield. This is not the case for the © carbon. 


122.5 ppm ae n " 
1 | — <> A <> у 
SHE pp BS “и md S 
mesityl oxide 
20.81 
М(СНа)2 
CH,CN HCHeNHe Вн 
[1] Li* z СНз) _ LAW, ea es 
210 
[2] „но ^ : OCH, OCH, 
OCH; 
үү [3] НгО X Y venlafaxine 
C45H49NO; 
A m :0: н-Он 
н=С“ МСН(СНз)> аб. СЫ 2 | : CN 
„е СМ H 
:0: О 
OCH 
ОСН: ОСН: OCH; 3 
+ пон 


+ HN[CH(CH3)2]2 
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20.82 
H 
— моу 9 бг н@н OH 
(2 00 s 
"x P 
+ Мас! + -OH 
=== MgCl 
су К + [5 Xs 
\ / ü cy + MgCl нон 
ЖЕЛ КЕ м. 
в H Q: | A 
H y H-OH 
B: Но 
Any base (such as the 
alkoxide) can deprotonate 
the intermediate. СНз 
м 9H 
+ OH 
20.83 
> oC + 
x m МОН HsNOH 
proton 
transfer 
н. OH н. (OH 
N+ N 
О = NN » A ms 
proton 
transfer 
H—NOH \ \ 
(+ 1 resonance structure) 
20.84 


:  СНЭСН»МаВг 9 Н-А COH 


О О: 

- Њена — — — CH,CHs Т 
N. N. (any proton м + А: 

СН CH3 source) > СНа 


+ MgBr* 


CHeCHg ИЕ ~ 
K 2CH3 

MgBr* + CH,CH, _CHsCH2-MgBr | = 

< 

N, N + OH 

"Сн, "сн, 


ДОН 
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Chapter 21 Aldehydes and Ketones—Nucleophilic Addition 
Chapter Review 


General facts 

e Aldehydes and ketones contain a carbonyl group bonded to only H atoms or R groups. The 
carbonyl carbon is sp^ hybridized and trigonal planar (21.1). 

e Aldehydes are identified by the suffix -a/, while ketones are identified by the suffix -one (21.2). 

e Aldehydes and ketones are polar compounds that exhibit dipole—dipole interactions (21.3). 


Summary of spectroscopic absorptions of RCHO and КСО (21.4) 
IR absorptions C=O ~1715 cm" for ketones 
e increasing frequency with decreasing ring size 
~1730 cm" for aldehydes 
e For both RCHO and R2CO, the frequency 
decreases with conjugation. 


Csp’-H ~2700–2830 cm” (one or two peaks) 
of CHO 
'H NMR CHO 9—10 ppm (highly deshielded proton) 
absorptions C-H & 2-2.5 ppm (somewhat deshielded Ср—Н) 
to C-O 
^C NMR С=О 190-215 ppm 


absorption 


Nucleophilic addition reactions 
[1] Addition of hydride (H ) (21.8) 


О Он | 
T Nu а uie R-C-H(R) e The mechanism has two steps. 
R^ ^H(R) iw i 


[1] ЦАН, [2] НО H e H: adds to the planar C=O from 
1? or 2? alcohol both sides. 


[2] Addition of organometallic reagents (R>) (21.8) 


О " "|i OH 
D MGR On А ОД R-C-H(R) e The mechanism has two steps. 
А НА) [21 Hao m • В: adds to the planar С=О from 


19, 29, or 3? alcohol both sides. 


[3] Addition of cyanide ( CN) (21.9) 


® The mechanism has two steps. 
e CN adds to the planar C=O from both 
cyanohydrin sides. 
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[4] Wittig reaction (21.10) 


R / 

С=О + PhgP=C = / 

(R)H \ (R')H 
Wittig reagent alkene 


The reaction forms a new C-C o bond and a new 
C-C п bond. 
Ph3P=O is formed as by-product. 


\ R"NH; 
С=О  ——— 
(в)н” mild acid 


The reaction is fastest at pH 4—5. 
The intermediate carbinolamine 15 unstable, and 
loses Н2О to form the C=N. 


АМН 


mild acid 


The reaction is fastest at pH 4—5. 
The intermediate carbinolamine 15 unstable, and 
loses ЊО to form the С=С. 


R-6-H(R) 
OH 
gem-diol 


The reaction is reversible. Equilibrium favors the 
product only with less stable carbonyl 
compounds (e.g., H;CO and СВССНО). 

The reaction is catalyzed with either H' or OH. 


[8] Addition of alcohols (21.14) 


S gm 
„бу, + РОН R-C-H(R) 
R HR) (2 equiv) oR" 


acetal 


Other reactions 


e Тһе reaction is reversible. 

e The reaction is catalyzed with acid. 

e Removal of H5O drives the equilibrium to 
favor the products. 


[1] Synthesis of Wittig reagents (21.10A) 


[1] РРР: • 


Step [1] is best with CH3X and RCH>X since the reaction 
РизР=СНВ 


follows an 52 mechanism. 
e A strong base is needed for proton removal in Step [2]. 


RCH;X 


pjBu-Li — 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 575 


Aldehydes and Ketones—Nucleophilic Addition 21—3 


[2] Conversion of cyanohydrins to aldehydes and ketones (21.9) 


e This reaction is the reverse of cyanohydrin 
formation. 


aldehyde or 


ketone 


OH 
R-C-H(R) 
COOH 


a-hydroxy 
carboxylic acid 


[4] Hydrolysis of imines and enamines (21.12) 


NR NR; 
H HO, Н+ H 

e yc ог кисү — мн + АМН, or RNH 
imine enamine aldehyde or 


ketone 


[5] Hydrolysis of acetals (21.14) 


OR" Ht e The reaction is acid catalyzed and is 
ll А 
R-C-H(R) + Н2О RHR) + R"OH the reverse of acetal synthesis. 
OR" (equiv) ә A large excess ОЁНО drives the 


aldehyde or "M 
ketone equilibrium to favor the products. 


576 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 21—4 


Practice Test on Chapter Review 


1. Give the IUPAC name for the following compounds. 


2. (a) Considering compounds A-D, which compound forms the smallest amount of hydrate? 
(b) Which compound forms the largest amount of hydrate? 


сњо—( оно о– P ом—{ оно oo-( < 
O O 
A B c D 


3. (a) Considering compounds A-D, which compound absorbs at the lowest wavenumber in its IR 
spectrum? (b) Which compound absorbs at the highest wavenumber in its IR spectrum? 


EE OE 
A B С D 
4. Fill in the lettered reagents (A-G) in the following reaction scheme. 


HO ,—CHO HO ,—COOH 
B с 
O HO C=CH 
5-5. 4 ms 
HO 
-O ч 


TBDMSO TBDMSO 
OH 


TON I T 


G 


HO 
~ 
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5. Draw the organic products formed in the following reactions. 


NH 
a. снсн,Вг —LIPSP 0, C 


- d. 
[2] Buti dd mild acid 
я Oro 
OH TsOH 
NH2 " ( >= + номе ке 


b. им ОНО 
mild acid 
" Уо [1] NaCN, HO! . р но он TM 
Иве [Indicate stereochemistry.] 

Answers to Practice Test 
l.a. 5- 4. 5. 
isopropyl-2,4- А = [1] LiC=CH; [2] НО : (o P 
dimethyl- B = [1] АВН; [2] H202, OH | ic CX] 
cyclohexanone С = Ag;O, NH4OH pm o 
b. 3,3- D = H20, H2S04, HgSO4 i n ) t о OH 
dimethyl-5- Е = TBDMS-CI, pyridine —/ - 
phenyl-2- F = [1] CHsLi; р] НО " [ о 
pentanone С = (CH;CH;CH;CH;)N'F- кы E. OH 
c. 4-ethyl-2- 
methyl- d (Е+2) 
cyclohexane- 
carbaldehyde C) 
2.a.D 

b.C 
3.a. B 

b. С 


Answers to Problems 


211 As the number of R groups bonded to the carbonyl C increases, reactivity towards 
nucleophilic attack decreases. Steric hindrance decreases reactivity as well. 


о en ӨЕ: 


uM —— —————— cae 
Increasing reactivity 
decreasing steric hindrance 
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21.2 More stable aldehydes are less reactive towards nucleophilic attack. 


om В „CHO 


benzaldehyde cyclohexanecarbaldehyde 
Several resonance structures delocalize the partial This aldehyde has no added 
positive charge on the carbonyl carbon, making resonance stabilization. 


it more stable and less reactive towards 
nucleophilic attack. 


ye ae e: ji 
C. IS C. C. "os 
H н ZH H 
СТ" — O™—-br"— GI 
0 тэ | 


21.3 • To name an aldehyde with a chain of atoms: [1] Find the longest chain with the CHO group 
and change the -e ending to -a/. [2] Number the carbon chain to put the CHO at C1, but 
omit this number from the name. Apply all other nomenclature rules. 

• To name an aldehyde with the CHO bonded to a ring: [1] Name the ring and add the 
suffix-carbaldehyde. [2] Number the ring to put the CHO group at C1, but omit this 
number from the name. Apply all other nomenclature rules. 


CHO "ENS 
а. (CH3)3CC(CH3)2CH»CHO 4 с. 
CI с! 
DS 5 A 4 C ring = 3,3-dichlorocyclobutane- 
О О cyclobutanecarbaldehyde carbaldehyde 


5 С chain = pentanal  3,3,4,4-tetramethylpentanal 


1 
b. | 


8 C chain = octanal 2,5,6-trimethyloctanal 


21.4 Work backwards from the name to the structure, referring to the nomenclature rules in 
Answer 21.3. 


a. 2-isobutyl-3-isopropylhexanal b. trans-3-methylcyclopentanecarbaldehyde 
CHO CHO 


6 C chain o 5 carbon ring 
H ог 


бн» CHa 
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c. 1-methylcyclopropanecarbaldehyde d. 3,6-diethylnonanal 
3 carbon ring CHO 9 C chain 
EX H 


О 


21.5 • То пате an acyclic ketone: [1] Find the longest chain with the carbonyl group and change 
the -e ending to -one. [2] Number the carbon chain to give the carbonyl C the lower 
number. Apply all other nomenclature rules. 

• To name a cyclic ketone: [1] Name the ring and change the -e ending to -one. [2] Number 


the C's to put the carbonyl C at C1 and give the next substituent the lower number. Apply 
all other nomenclature rules. 


a. 1~3 5 с. (СНз)зССОС(СНз)з 
О О 1 3 5 
8 PES 2 4 
А IT 
а 5-ethyl-4-methyl-3-oct e а 
осїапо -е -4-те -3-octanone m 
E y X 5 C chain = 2,2,4,4-tetramethyl-3-pentanone 
pentanone 
CH, CH, 
(CH3)aC.., | (СНајзс 3 3 
b. о o 
1 
5 C ring = 


cyclopentanone 3-tert-butyl-2-methylcyclopentanone 


21.6 Most common names are formed by naming both alkyl groups on the carbonyl C, arranging 
them alphabetically, and adding the word ketone. 


a. sec-butyl ethyl ketone d. 3-benzoyl-2-benzylcyclopentanone e. 6,6-dimethyl-2-cyclohexenone 
AAW CY. group: benzoyl group! 5 C ketone cs C ketone 
О 
о 
C Jj- 


b. methyl vinyl ketone f. 3-ethyl-5-hexenal 


^Y "nm 

О Z CHO 
c. p-ethylacetophenone 

о № 


21.7 Compounds with both a C-C double bond and an aldehyde are named as enals. 


а. (2Z)-3,7-dimethyl-2,6-octadienal b. (2E,6Z)-2,6-nonadienal 
3 1 
7 
a ~ a CHO 
1CHO 6 2 


neral cucumber aldehyde 
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21.8 Even though both compounds have polar C—O bonds, the electron pairs around the sp? hybridized 
O atom of diethyl ether are more crowded and less able to interact with electron-deficient sites in 
other diethyl ether molecules. The O atom of the carbonyl group of 2-butanone extends out from 
the carbon chain, making it less crowded. The lone pairs of electrons on the O atom can more 
readily interact with the electron-deficient sites in the other molecules, resulting in stronger forces 
and a higher boiling point. 


О: 
2-butanone diethyl ether 


21.9 For cyclic ketones, the carbonyl absorption shifts to higher wavenumber as the size of the 
ring decreases and the ring strain increases. Conjugation of the carbonyl group with a 
С=С or a benzene ring shifts the absorption to lower wavenumber. 


a „м CHO ог „~ ОНО b. (>= d [»—o 


conjugated С=0 higher wavenumber 


smaller ring 
lower wavenumber 


higher wavenumber 


21.10 The number of lines in their "C NMR spectra can distinguish the constitutional isomers. 


~ од 4+ 


О о 
2-pentanone 3-pentanone 3-methyl-2-butanone 
5 lines 3 lines 4 lines 
21.11 
[1] DIBAL-H [1] А;вн 
а. СНУСН>СН>СООСНУ ae НО с. НСЕССН»СНз [2] H0, НО: CHa3CH2CH5CHO 
b PCC [1] Оз 
- СНзСН»СН»СН»ОН CH3CH2CH2CHO d. CH4CH;CH;CH- CHCH;CH;CHs — —-— —» CH3CHsCH,CHO 
[2] Zn, НО 
21.12 
д i i 
сі“ “Сн; mr H,O 
a. c. ЕСН - 
AlCl N HS0, 
HgSO, 
о О 


[1] (CH3);CuLi 


b. [2] H2O 
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21.13 
сњо. /ОСнНз сњо OCH; 
3 [105 OHCw e „СНО 
os 4 [2] (CH3S 


Cleave this C=C with Оз. 


21.14 Addition of hydride or R-M occurs at a planar carbonyl C, so two different configurations at 
a new stereogenic center are possible. 


о Ааа 
мавн, H Pe 


: н он н OH 
а. CH3OH | 


new stereogenic 


center 
" ОҢ Add | 
[1] CH2=CHMgBr CH=CH, stereochemistry: CH=CH, ‚СНЕСН» 
b. Е “OH OH 
(CHg)3C [2] Hio 
(СНз)зС (СНз)зС (СНз)зС 


21.15 Treatment of an aldehyde or ketone with NaCN, HCl adds HCN across the double bond. 
Cyano groups are hydrolyzed by H3O' to replace the three C-N bonds with three C—O bonds. 


| 
сно CHCN 
NaCN в H3O*, A [c 
a. Biel b. CN COOH 


OH 
HO Q | | 
HO O. 4, CN HO. „СМ 


OH enzyme 4 епгуте e. 
pU H CEU or H + HCN 
amygdalin toxic 
by-product 
21.17 

CH3 CH3 
a. с=о + РзР=СН» „с=с, 

СНз СНз 


р. ( >= + РАРЕСНСНСНСН;СНа 


MI 
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21.18 
+ Виц 
а. РР: + В-СЊСНа ——— PhgP-CH,CH, + РизРЕСНСНЬ 
Вг 
+ Виц 
b. PhP: + Br—CH(CH3)2 —- Ph3P—CH(CH3)o ——» Ph3P=C(CH3)2 
Br- 
T BuLi 
С. PhP: + Br-CHsCgHs ———- PhgP-CH2CgH; ——— Ph3P=CHCgHs 
Br 
21.19 
CHO Ss x. CHCH; 
a. + PhPeCHCH;CH, = + 
CH,CH3 
CHO > © " 
Ё: Cy +  PhP-CHOH | —- Ө (S 
CHO x. COOCH; Me 
(QT res — Су". Са 
3 
21.20 
2 27 
| + Ph3P=CHCO,CH,CH, | 
Мо “сно №4 МЕ CO, CH4CHs 
А (+ cis isomer) 
B 
| Pd-C 
^] 
Na CO,CH»CH3 


С 


21.21 То draw the starting materials of the Wittig reactions, find the C=C and cleave it. Replace it 
with а C=O in one half of the molecule and а C=PPh; in the other half. The preferred 
pathway uses a Wittig reagent derived from a less hindered alkyl halide. 


CH, | њен СНз CHCH; CH; CHCH; 
a. C=C — С=РРћ + 0о=6 ог б=о + PhP—C 
СНз | H CH3 H CH; H 
| 2? halide precursor 1? halide precursor 
(CH3)2CHX XCH,CH,CH, 
preferred pathway 
CHCH ' CHCH, CHCH2 CH;CH; 
b. Sif \ / j 
С=С, ===> С=РРћа + о=с, (only one route possible) 
H i H H H 


(cis or trans) 
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CeHs ' CHa Сена сна CeHs СНз 
‚эу cf \ / \ / 
С=с, ==? C-PPh + O=C or с=0 + PhjP—C 
нон H H H H 
(cis or trans) duce (both routes possible) 
1? halide precursor 1? halide precursor 
СвНьСН>Х XCH5CHs 
21.22 
a. b sequence: 
1] СНзМаВг HO. nta Н,504 
+ Sus T 22 
zuo v 
One-step sequence: minor product — tetrasubstituted (E and Z 


major product isomers 
РИзР=СН» 


only product 


b. Two-step sequence: 


[1] CeH3CH MBBF 
cai E CHCH, + CHCH; 
"m CH»CgHs 


Е . trisubstituted trisubstituted 
One-step sequence: éonugated о 


| о PhaP=CHCaHs, [ >= оно only product 


21.23 When a 1° amine reacts with an aldehyde or ketone, the C=O is replaced by C=NR. 


= СНАСЊСН„СНМН 
а. ( сн - CH—NCH;CH,CH;CH; 


NCH4CH,CH;CH; 
: О CHSCH;CH;CHoNHa С у=коњоњснон, 


21.24 Remember that the C=NR is formed from а C=O and ап NH» group of a 1? amine. 


о 
CH3CH2CH2CH2NH2 
p. A CMM. 


CH CH; 
X. 
a. тшн => Pans + NH;CH;CH;CHs 
TES PET =O + a) 
21.25 
О М(СНз)2 N(CH3)2 
сњ 
+ N—H 4 
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21.26 eImines are hydrolyzed to 1? amines and a carbonyl compound. 
* Enamines are hydrolyzed to 2? amines and a carbonyl compound. 


H20 p 
GONER: нед 
Ht H 


imine 1° amine 
Но 
| H* | 
CH, CH3 
enamine 2° amine 


с. (CH3)2NCH=C(CH3)2 


О 
(CHgeNH +  C- CH(CH3); 
enamine id 2? amine i 
21.27 e A substituent that donates electron density to the carbonyl C stabilizes it, decreasing the 
percentage of hydrate at equilibrium. 
• A substituent that withdraws electron density from the carbonyl C destabilizes it, 
increasing the percentage of hydrate at equilibrium. 


a. CHa4CH;CH;CHO or CH4CH,COCHS b. | CH&4CF;CHO or CH4CH,CHO 
one А group on С=О 2 R groups F atoms are electron withdrawing. 
higher percentage of hydrate on С=О higher percentage of hydrate 
21.28 
МЕ n 
б-н HOH ^O-H poe К К 
б-н O-H v 
m (+ 1 resonance 
ико structure) 


21.29 Treatment of an aldehyde or ketone with two equivalents of alcohol results in the formation 
of an acetal (a C bonded to two OR groups). 


О 


он TsOH ОО 
а. (>= + о сњон 1598 B s b. Ae + qoM ТЕН. А 


OCH; 


21.30 


осн; OCH; о 
e 10) 209709 ME 
ОСН. О 3 


OH 

2 OR groups 2 OR groups 2 OR groups 1 OR group and 
on different C's on same C on same C 1 OH group 
2 ethers acetal acetal on same C 


hemiacetal 
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21.31 The mechanism has two parts: [1] nucleophilic addition of ROH to form a hemiacetal; 
[2] conversion of the hemiacetal to an acetal. 


О: 
о О 
Тао М 
+ НОСН»СН»ОН + НО 
| overall reaction 
А . do ne я 
gen :0O—H HOÁ G- cH,cH,OH HO: :O-CH;CH;OH 
+ Т50 —— + TsO-H 
деј + hemiacetal 
HÓ::0- NN T. :0- CH;CH;OH c9- (о (Пе Кој *O-CH;CH;OH 


Tso! H 
+ TsO-^ 


:0- AU dn “2 y Il 


:0: jO-H 


Ф + H;O: 


* TsO-H 
carbocation 
re-drawn acetal 

21.32 

сно OCHs H,SO, о о HSO, O он 

| 
а. + но LC. + 2сњон b. Cr x H,O pu СТ 
сна“ ТОН» © сну“ ~CHg "T 

21.33 


о Z О HO Z 
4 тү H2O Ù + тү 
о н о, " H HO 
safrole formaldehyde 


21.34 Use an acetal protecting group to carry out the reaction. 


? оо | 0,0 9 
НОСН»СН»ОН [1] CH3Li (2 equiv) H,O* 
TsOH [2] НО 
COOCH;CH; COOCH;CH; 


OH OH 
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21.35 


acetal 
HO,,, o MS. 
HO" ој ^ но“ 
monensin | Он бо. digoxin 


hemiacetal 


Ether O atoms are indicated in bold. 


21.37 The hemiacetal OH 15 replaced by an OR group to form an acetal. 


OH OCH$CHs OH OCH2CH3 
О H* О is о H+ Но О 
а. + CH3CHOH b. + CH3CH;OH 
HO HO 
21.38 
но ОН 
а. . d. OH 
5 stereogenic centers HO 
(labeled with *) ore 
но 0H Ho OH Ho OH 
О [e o 
b. HO | e. + 
———— hemiacetal C HO OCH3 HO 
Өн OH OH 
OH ОСН: 
a-D-galactose 
Ho OH 
c. о 
но он 
он 


B-D-galactose 
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21.39 


a. 


Aldehydes and Ketones — Nucleophilic Addition 21—15 


> 3 
о 4 
X н 071 У 
4 2 


3,3-dimethylbutanal cis-5-isopropyl-2- 
A methylcyclohexanone 
B 


| мавн, P 
ПА OH 


СНОН 


Ho. 
А И Е он он 
[3] A а далась a М> осн (+ cis isomer) 
пад СНЭСНЫСНЫМНЬ _ Py 
АА NCH;CHs 


mild mild 


О 
HOCH;CH;CH;OH 
ma "оњани У ў 1 
H* О 


ing NaBH, " 
CHOH HO HO 
[2] B CHsMgBr _ HO К + 
РизРЕСНОСНЗ 
[3] B CH4O. 2 
OCH, 
ae CH3CH;CH2NH; 
mild H* CH3CH5CH;N 
ЕВ HOCH,CH2CH2OH о 
H* 
О 


21.40 The least hindered carbonyl group is the most reactive. 
О 


О 
О 
least reactive intermediate most reactive 
reactivity 
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21.41 


О OH О 
‚СОД = ДА 
О OH 


21.42 Use the rules from Answers 21.3 and 21.5 to name the aldehydes and ketones. 


О 
n 8 C = octanone 
a. Phy A aK 8-phenyl-3-octanone e. СНз  o-nitroacetophenone 
5 C ring 
p па f. 6 C - hexanal 
CHO cyclopentanecarbaldehyde Ими cHo 3,4-diethylhexanal 
[9] 
09 6 C ring = cyclohexanone О ii 
с. 5-ethyl-2-methyl- g Б у _ 
| 27 8 С = octenone 
cyclohexanone (5E)-2,5-dimethyl-5-octen-4-one 
CHO 
d. CX trans-2-benzylcyclohexanecarbaldehyde р ^. 77. CHO 6 C - hexenal 
CERA | "RC алаа meth таен 
21.43 
a. 2-тећу!-3-рћепу шапа! f. 2-formylcyclopentanone 


О 
| оу“ 
О 


b. dipropyl ketone "uw и О 
CHO g. (3R)-3-methyl-2-heptanone Ax 


c. 3,3-dimethylcyclohexanecarbaldehyde 
h. m-acetylbenzaldehyde 


о CHO 
d. o-methoxypropionaldehyde О 
H i. 2-sec-butyl-3-cyclopentenone О 
OCH; 
о 
e. 3-benzoylcyclopentanone j. 5,6-dimethyl-1-cyclohexenecarbaldehyde 
CHO 
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21.44 
[9] [9] О О О 
NP ee а Ko vy AX 
hexanal 2-ethylbutanal 2,2-dimethylbutanal 4-methylpentanal 3,3-dimethylbutanal 
О дл О О 
(2R)-2,3-dimethylbutanal (2S)-2,3-dimethylbutanal (2R)-2-methylpentanal (2S)-2-methylpentanal 
AL. i 
" "v 
(3S)-3-methylpentanal (3R)-3-methylpentanal 
21.45 
H 
Cry = CgHsCHsCHO  phenylacetaldehyde 
О 
(СНЗСН»)2МН, mild аса a. LH | 
а. Маври нари. ОНОН CgH&CH;CH;OH 9. Я ИВЕ bs “ 2 isomers) 
2 
b. [1] АНА; [2] HO i d С 
0 — —  CsHsCH2CH20H 
C. [1] CH3MgBr; [2] НО h СНАСЊОН (excess), H+ Na OCH?CH; 
| 7 CeH&CH?CH(OH)CHs -l À осњсн, 
` МАСМ На cH CULOH(OH)ON 
А SE 
* PhjP- CHCH C n | 
3 3 CgHsCH»CH=CHCH, | NH М2 № (Е апа 2 іѕотегѕ) 
(E and Z isomers) " FPE C) 
(СНа)>СНМНЬ H H о 
f. HO Куе, 
mild acid NCH(CHg j. Ht (0) 
21.46 
[1] РРР [1] РАР 
а. CH3CH,Cl CHsCH=C(CHs)2 с. | сњо! - | CH-CHCH,CH,CH; 
[2] BuLi [2] BuLi | 
[3] (СНз)2С=О [3] СНУСНСЊСНО (E and 2 isomers) 


[1] PhP 
b. ( ања K у—он-оноңоң.сун; 
[2] BuLi 


[3] CeH5CH2CH2CHO (E and Z isomers) 
21.47 


а. Ph3P—CHCH;CH;CH; ===>  BrCH?CH;CH?CHs с. Ph3P=CHCH=CH, ===  BrCH,CH=CH, 


b. PhP=C(CH2CH2CH3)> === ВгСН(СН,СН,СН;) 
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21.48 


"eO 
a. [_}—сно | 
H 


mild 
b. CH4CH;CHO + на) сненен-н—( ) 
асіа 
5 HOCH;CH;OH a 
H* О 
НзО* 20 
а. Я ЕЕ 4 + HN 
Мм о 


Ф 
О 
Ф 
I 
a 
ü 
+ 
8 
а 
У 


М acid | 
Е and Z isomers 
H и: pu ( ) 


HO. CN њол Но, соон 


свн; Сане Сене“ “СеН5 
CH4CH,OH 

g. [>o - [> осњсњ 

О H* О 

H4O* 

«prO UE fre ex 
| OCH H4O* 
i + HO" сне ГЕИ HOCH; 


CH3O 
i mo PhjP—CH(CH);COOCH, _ | >= ena co0c8, 


21.49 


CH3CH,0. OCH»CH3 О 
а. Fy ас + НОСЊСНз 
О 


СНО, OCH; 


OCH; OCH; B T 
b. c. bb aed 
ОСН>СНз 


OCH3 OCH3 
+ HOCH; 


Ó 
+ HOCH,CH, 
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21.50 Consider para product only, when an ortho, para mixture can result. 


Br 


Bro сньсос © HOCH;CH;OH (^o 
О-О” HO 


Mg ae: 
РеВгз AICl3 = 
А B с D 
[1] CH.CHO 


[2] НО 
atq уе = ФДА 
T H* == = 


F E 
21.51 
CH3CH2CHp (CH2CH2CH3 CH34CH5CH5 H 
Ph3P-CHCH;CH;CH : 
a. CH4CH2CH5CHO 3 CAL C= с " с=с 
H H H | CH;CH;CHs 


NaCN HO СМ NC OH 
o д. ж P. 


CH3CH5 СНзСНЬ 
CH3OH 
d. HO HO о + HO О 
HCl 
OH ОСН; OCH3 
21.52 
new stereogenic center 
CHO e | en 9 On #9 An equal mixture of enantiomers 
ар == EE results, so the product is optically 
inactive. 
A 
achiral 


new stereogenic center 


: ; zr A mixture of diastereomers results. 
b аи — LO — О, Both compounds аге chiral and 
B S OH OH + "ОН they are not enantiomers, so the 
HO H mixture is optically active. 
chiral 
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21.53 
OH acetal 
a HO,, en ^ 
^ О 
acetal Oo” ^o : 
acetal etoposide 
но 
сНао“ 4 “OCH; 
OH 


b. Lines of cleavage are drawn in. 


+ CH3;CHO 
+ СН;=О 


21.54 Use the rules from Answer 21.1. 
Increasing reactivity 
decreasing steric hindrance 


21.55 The less stable carbonyl compound forms the higher percentage of hydrate. 


H H 
òt 
Cm от 
The aldehyde is destabilized since there is a $ on its adjacent carbon, which is part of a C=O. 
Thus, PhCOCHO has the higher concentration of hydrate. 


21.56 Electron-donating groups decrease the amount of hydrate at equilibrium by stabilizing the 
carbonyl starting material. Electron-withdrawing groups increase the amount of hydrate at 
equilibrium by destabilizing the carbonyl starting material. Electron-donating groups make 
the IR absorption of the С=О shift to lower wavenumber because they stabilize the charge- 
separated resonance form, giving the C=O more single bond character. 
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ом) сосн, 


p-nitroacetophenone 


a. NO» withdrawing group 
less stable 


b. higher percentage of hydrate 


Aldehydes and Ketones — Nucleophilic Addition 21—21 


cHo—{ У сосњ 


p-methoxyacetophenone 


СНзО donating group 
more stable 


lower percentage of hydrate 


с. higher wavenumber lower wavenumber 
21.57 Use the principles from Answer 21.21. 
CHCH; ' ВАНО CHCH% CH2CH2CH3 CHCH% CH2CH2CH3 
a. ста = с=о + PhaP=0 M ‘C=PPh, + o= 
CHCH | H CHCH% H CH3CH> H 
1° alkyl halide precursor Я 
2? alkyl halide precursor 
(XCH2CH5CH5CH3) 
preferred pathway (СНзСН2)>СНХ] 
СНз | poe СНз СНз СЊСНа 
\_ \ X 
С=С С=О + Ph3P=C or С=РРћа + O=C 
b JOEN => / Б \ / 3 N 
H | H H H H 


1° alkyl halide precursor 1° alkyl halide precursor 
(XCH2CH2CH3) 


(Both routes possible.) 


(XCH5CH3) 
PPh 


[e 
c. meu а pu + PhP=CH; ©" P m +  CH;-O 


methyl halide precursor 


preferred pathway 


' СН 
d. (X 


1? alkyl halide precursor 
(CeH&CH5X) 


О + РР 


| 


2? alkyl halide precursor 
(CH3CH2CH2;CHXCH3) 


Сен 
| H 


2? alkyl halide precursor 


preferred pathway (x 


aw DEPT. 
EE 


о о 
с. [ » ) = >) + HOCH;CH,OH 
o H 


NH3 
b. Q~ у = "2 + нм ) d. ЫАТА а 


OCH; + HOCH, © 
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21.59 
[1] Os 
а. СьН5-СН>ОН CgHs-CHO f. СьН5-СН=СН» CgH;-CHO 
[2] Zn, H2O 
[1] ЦАІН[ОС(СНз) з]з 
b. СеН5-СОС! E H20 
65 CeHs-CHO g. CeHg-CHENCH;CH;CH, —— CeHs-CHO 
[2] HO EE 
[1] DIBAL-H H2O 
c. CeHg-COOCHs CgHs-CHO h. CeHg- CH(OCH;CH3); Ce Hs-CHO 
[2] HO ii 
[1] LiAIH, PCC 
d. CeH5-COOH СвН5-СН>ОН CgH;-CHO 
[2] H2O 
[1] LiAIH, PCC 
е. С5Н5-СНз -KMnO. , сень-Соон СвН5-СН>ОН СеН5-СНО 
[2] H20 
21.60 
| но 
СНзСН,)Сиш = зА = 
Б Аа с. СнзСОС! (СНзСН2)г a е. CHsC=CCHa - so: gout 
b HgSO; о 
о 
"d H20 
b. (CH3)2CuLi d. CH,CH,C=CH 
Ar j j di adi А А о dd 
o о HgSO, О 
21.61 
О 
8. One-step sequence: Сз, php ~~ 27 preferred route 
те only one product formed 


ог 


ара варке: ДР T1] CHCHCH;M9Br | CH3CH2CH;MgBr 27 Н,804 сү. СҮ 
[2] H20 
сно Ph;P 
b. One-step sequence: OT. preferred route 
only one product formed 


ог 


сно _ [12 Снз)гСнмовт | H;SO, 
Two-step sequence: 
VL [2] НО 


+ other alkenes that result from 
carbocation rearrangement 


21.62 
а. CH4CH,CH;CH-:CHCHs 
PCC CHO 
One possibility: 77 ~~ “ОН са dio 
„ч PBrs A LI PhaP 
OH Br = PhgP=CHCHs = CH3CH,CH,CH=CHCH3 


[2] BuLi (E and Z) 
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b. Cg H;CH- CHCH»CH»CHs 


CH4OH 
One possibility: | 
SOCL 
CHO 


P dp 
снас! Br? Br [1] PhP C HsCH=PPh; = CgHsCH=CHCH,CH,CH, 
> n [2] BuLi (from a.) 
АС M (E and Z) 


C. к= 
он РСС )-o 
О 
PH ву, Br [1] PhgP 

Mun [2] Bui PhP =CHCH(CH3)2 
21.63 
" HzO PCC Ph4P—CHCH;CHs 
4 “HSO, OH 2 o | - СНСН»СН; 

А [1] PhaP | 
CH4CH;CH;OH CH4CH;CH;Br | .—————- PhP=CHCH;CH3 
[2] Виц 

b ( У Ha9NCH2CH;CHs 
1 - NCH;CH;CH 

mild acid ETRAS 

(from a.) | NH; (excess) 
BrCH CH CH3 
| РВгз 
HOCH;CH;CHs 
e 
H 
E О О 
И О РСС H 
панно © H,O MgBr 
(from a.) [1] 
он [[2] ЊО 


СНАСЊОН 
С(ОСН»СН»)» . (2equv) _ ono PCC 
TsOH 
2 
О ОС Ох 
[2] NaHSO3, H2O он TsOH О 
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21.64 
СНОН 


| SOC 
OCHO KMnO, Dt. OH РСС Е 
H 
РР 7M АР 
2] BuLi Ww / 


„р o's 
Oe С” 


__РВз | 


(E and 2 isomers) 


H 
ШШ Ман "P Bro OCH, P(CeHs)s O” 3 
Т2] CHBr - 


bas ^ 


СНС 
(from a.) 


^ АСВ . 


P ortho isomer) P(CeHs) 
снаон - 
| Br BuLi 
OCH; 
H CH=CH ССН)  — — — — 
cmo 7, \ / (СНз)з Pe 
(CH3).COH (E and Z isomers) 9 a 
на! снас! 
H 
@ mes CY m (from a.) 2b (CH3s KMnO, jos (СНз ушн, _ Сү“ )s 
АС! AICI "(BHO _ 
И °c HOOC [a] PCC ОНС 
(+ ortho isomer) 
21.65 
9 носњењон о. О ве d b [1] Mg оо 
а. Pew. H* РО и OSS Ux. Bi [2] (СНУ СО pap an 
PCC [3] H20 | | 
њо, H* 
он - =0 | 2 
КҮ ШЕЛ» 
pw [2] H20 Pu 
OH OH 
CH4CH,CH,OH 
[es з 


77 о 
РАР о о CH4CH;CHO О. О H,O* 
Б: ве [Bui ^ >< uz PPhs LAN CH-CHCH;CH A 


(from a.) (E/Z mixture) 
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21.66 
T 
a GcHHOH ECC ~ б. 
сна ^H 
о 
РВгз p] | B 
"MOT etm Ра b PCC i CH4CH,OH Рон 
r | — = = 
TUS gue 21ЊО СНУ ^ CH4CHS CH4 ^ ^CH,CHg TsOH о 
CH4CH; 
Br 2 NaNH NaH =œ 
b. CHCHoH S04. Chach ВЫ 2. HC=CH - НС=С ма“ 
[1] ОЗО, [17 іно 
[2] NaHSO3, H2O CH4 он 
g^ STN о он (from a.) 
=o „НО OH == < РСС == 
TsOH 
21.67 
á o7 OH 
oon zd LII — db bur ds oe mein 
m 3)3 2 2 
/~O Ио Ио “0 
х | нњо" 
он 
они 
HO + (CHa)2C=0 
albuterol 
21.68 
1 о 
HOCH,CH;OH о м 6 m Ov OH i» 
Br ~~ “CHO В ЗН ух ——- BrMg ————- er 
TsOH 6. [2] НО 
о о 
но 
H* 
H 
O оно 
A 
21.69 


methoxy methyl ether 


OF 
о acetal 
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ки, 2 TRU 
Dc „Оз: "ii Ma ö o [e О pr di 
с. с a Se + - 
po <; CT + но —Cr * HOCH; 


(The three organic products are boxed in.) O-CH; - m 
o 8 
Е 
+ H30 
H 
Fa N + gd d » 
solius Н ОН» ет он T 
+ — CH,-OH 
" 
H20 | 
+ 
а. H20 
.. + 
сњ=о| + њо 
21.70 
SH t SSH 
: = БАГИ а, 
HO N H ОН НО ү 
ЄС? 
я 
n 
НОН (+ 1 resonance H20 
4 structure) 


б. * Ден "e 
H20 + Ge: E NH2 Sooo ЫН; 
3 


+ нон, (+ 1 геѕопапсе 
(то 
structure) 
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21.71 
о :0: 3 О H-CI о 
0:5 о он g О Qon; 
CF; Ar CF3 proton Ar CF; Ar CF, + СЕ 
ATNHNHo ^ transfer Ar'NHNH Ану) 
Аг | 
NHNH; 
H NSO; 2. SN: As 
———M/ О " 
Ar N* 


О spam. 
uH + Њо: 
№ аг 5 
N, 
Ar Ar H Ar' H 
proton 


Ar'NH 
+ H34O* 
transfer 
CF; СЕ; но) CF; 
eo SN: p SN H SN = 
H-CI НО us > HO) С = NS N мй CF3 
“ Аг м х Ar Ar Ar 
HjNSO TUS 
+ СГ = ~ 


сејесохб 
21.72 The OH groups react with the C=O in an intramolecular reaction, first to form а hemiacetal, 
and then to form an acetal. 


О 
ке чү 


OH adds here to form a hemiacetal. 
Then, the acetal is formed by a second 


hemiacetal acetal 
! ) СоН1вО2 
intramolecular reaction. 
21.73 
| О ОСН;СНа fe) *OCH;CHs 
С + 
Н-ОНЬ 


Су [ан Da 

m m O+ €* OH 

о о О = 
H H20 

G + нон 


С. + 
Н-ОНЬ 
+ H-OCH;CHs | 
:0: Но aes с. 
H30* + но, HO T TO OH 7 HQ 
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b. of Wow 
H 
| + Н H uou, " 
QH < О ӧн О Ed 
H XD 
QR tape CG CGR CI 
+ H-OH n 
н ЊО H 
0: + a 
GO -—O0Ho-OZ 
О: О: С 
21.74 
HSO; 
+ c 
O ~ Н-050зн (9H 5 
О ст HO: 9 HO: 9 
А 
ава (‚н-озозн 
a 
н | 
C 
oe H-O bri 
+ HO Zu 
21.75 
б на +0 > OH OH 
LY a een Е ae 
ve A ve 
+ СГ 
/ \ NH 
~ 2 
WW a PE [Y A di 
S н NC S H H " 
| нс Са pe 
H 
dA s ае И ; 
[V Seo" | \ Nae Lo. f : NH 
S : | S | 5+ 
H H 


* HSO% 


+ H-Cl 
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21.76 


+ 
HO: H ‘OH H-OH; 


+ 


| | 
N-C-H proton HO N-C-H 
Y m —-— гү бн, 
HO 


dopamine 
HO 
NH 
HO 
СНз 
+ нб? 
salsolinol (* 8 more resonance A. 
structures) + HO: 
21.77 


:0: "О; 
C OX uou ІЯ Ф Мя 


sulfur ylide Lad х 


Е 


x D 
(сну ан LH Bu+Li ——> (CH3;S—ÓH, 
X 
sulfonium salt 


+ Bu—H + их 


21.78 Hemiacetal A 1$ in equilibrium with its acyclic ћудгоху aldehyde. The aldehyde can undergo 
hydride reduction to form 1,4-butanediol and a Wittig reaction to form an alkene. 


О OH OH 
di as C d Si 
A |" 


1,4-butanediol 


This can now be reduced with NaBHy,. 


О ОН — PhP-CHCH;CH(CH3); 
b. [он i - (CH, CHCH,CH-CHCH,CH,CH,OH 


(E and Z isomers) 


reacts with the Wittig reagent 
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T 
s V “рр, 
Y 


NaOCH;CHs 
io recie 
HO^ g^ 0 7 fo b 
/ © HO 
х 


aldehyde for | 


Wittig reaction 
т 
y, но” So 


New C=C could be cis or 
trans. The more stable 
trans C=C is drawn. 


isotretinoin 
21.79 
| 
| СНз-Мат E нон» hs = 
C M :0: 7 НО: К НО: Е 
ICA iens бсн, X an irs X an ior 
+ Cu 
:OCH :OCH, ы Које А ‘OCH, + 
= x йб: S 
5,5-dimethoxy-2-pentanone 20 ( H 


p HM s X 
* но: но: 


но: It но: `. .. m 
X Dn AN Batt ОСН: + ОСН: 
№ ot (+1 tna) у 


:OH :OH нен structure) _ 
+ HÖ: О ) id 
H20: 
uvam x R? T г H-0-CHs 
я ћу .. + 
| eu en o^ 9M = 
OH H 
(+ 1 resonance ньд: J d 
structure) 


+ H-O-CHs 
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21.80 
cyclopropenone 2-cyclohexenone 
(1640 cm!) (1685 cm!) 
+ 
oe de acer Со. -( Harah jö 
| r | x ` 
These three resonance structures include an There are three resonance structures for 
aromatic ring; 4n + 2 = 2 л electrons. Although 2-cyclohexenone, but the charge-separated 
they are charge separated, the stabilized aromatic resonance structures are not aromatic so they 
ring makes these three structures contribute to the contribute less to the resonance hybrid. The 
hybrid more than usual. Since these three C=0 absorbs in the usual region for a 
resonance contributors have a C—O single bond, conjugated carbonyl. 


the absorption is shifted to a lower wavenumber. 


21.81 


21.82 


A. Molecular formula C5H490 1 degree of unsaturation CHO 
IR absorptions at 1728, 2791, 2700 cm-'——- C=O, CHO 
NMR data: singlet at 1.08 (9 H) — 3 СНз groups оа 
singlet at 9.48 (1 Н) ppm — CHO сна 


B. Molecular formula СаН 1500 


C. Molecular formula C465H45O 


D. Molecular formula C459H42O 


He: triplet at 1.2 (6 H), split by 2 H's 


1 degree of unsaturation 
IR absorption at 1718 стг! C-O о 
NMR data: doublet at 1.10 (6 Н  ——- 2 CHs's adjacent to Н 

singlet at 2.14 (ЗН) = СНз 

Septet at 2.58 (1 Н) ppm —> CH adjacent to 2 СНз'ѕ 


5 degrees of unsaturation (4 due to a benzene ring) 
С=0 
СНз adjacent to 2 H's 


IR absorption at 1686 cm"! 
NMR data: triplet at 1.21 (3 H) 


singlet at 2.39 (3 H) => СНз ? 
quartet at 2.95 (2 H) —— СН, adjacent to З H's 

doublet at 7.24 (2 H) == 2 H's on benzene ring сн; 

doublet at 7.85 (2 H) ррт ——- 2 H's on benzene ring 


5 degrees of unsaturation (4 due to a benzene ring) 
IR absorption at 1719 ст“! С=0 


NMR data: triplet at 1.02 (3 H) СН» adjacent 2 H's О 
quartet at 2.45 (2 Н) — 2 H's adjacent to 3 H's 
singlet at 3.67 (2 H) = СН, 
multiplet at 7.06–7.48 (5 H) ppm —- а monosubstituted benzene ring 


C;H4602: 0 degrees of unsaturation 


IR: 3000 ст“!: С-Н bonds СН. Hp 
| 
NMR data (ppm): CH3CH5-O0- C-O- CH;CHs 
На: quartet at 3.5 (4 H), split by 3 H's бн» 
Hp: singlet at 1.4 (6 H) He На | На He 


Hp 
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21.83 
A. Molecular formula Сон 0 B. Molecular formula СНО 
5 degrees of unsaturation 5 degrees of unsaturation 
IR absorption at 1700 ст“! > C=O IR absorption at 1720 ст“! — C=O 
IR absorption at ~2700 ст“! + СН of RCHO IR absorption at ~2700 ст“! — CH of RCHO 
NMR data (ppm): NMR data (ppm): 
triplet at 1.2 (2 H's adjacent) 2 triplets at 2.85 and 2.95 (suggests -CH2CH»-) 
quartet at 2.7 (3 H's adjacent) multiplet at 7.2 (benzene H's) 
doublet at 7.3 (2 H's on benzene) signal at 9.8 (CHO) 
doublet at 7.7 (2 H's on benzene) 
singlet at 9.9 (CHO) х9 
СНг-СНг-С, 
fe) H 
\ 
Х— оне» 
Н 
21.84 


C. Molecular formula CgH;203 
1 degree of unsaturation 
IR absorption at 1718 ст! » C=O 
To determine the number of H's that give rise to each signal, first find the number of integration units per H by 
dividing the total number of integration units (7 + 40 + 14 + 21 = 82) by the number of H's (12); 82/12 = 6.8. Then 
divide each integration unit by this number (6.8). 
NMR data (ppm): O OCH 
singlet at 2.2 (3 H's) 
doublet at 2.7 (2 H's) 
singlet at 3.2 ( 6 H's – 2 ОСН. groups) 
triplet at 4.8 (1 H) 


ОСНз 


21.85 
D. Molecular ion at m/z = 150: Сон, О» (possible molecular formula) 

5 degrees of unsaturation 

IR absorption at 1692 ст“! — C=O \_ 

NMR data (ppm): о—( сю 
triplet at 1.5 (3 H's - CH3CH;) 
quartet at 4.1 (2 H's - СНзСН,) 
doublet at 7.0 (2 H's — on benzene ring) 


doublet at 7.8 (2 H's — on benzene ring) 
singlet at 9.9 (1 H — on aldehyde) 


21.86 
OH 
OH 
uo OH T. 
a. b. H 
сно J oH 


он 
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21.87 
OH OH OH OH 
ze ren 
HO 9 ИА E HO O + HO огу HO Q 
HO он v HO ОН» HO HO 
OH OH M OH * OH 
B-D-glucose + Cl + HÖ: 
он Bes 
OH Свете но Qt m Осн» на! 
n Н acetal 
О 
* HCI 
acetal 
:QCHs 
The carbocation is trigonal planar, so CH3OH attacks from two 
different directions, and two different acetals are formed. 
21.88 
ra Hor На 
Мо e B [c OH OH 
(— 1 i x ` i n — 
> OH A ÖH а ÓH Oi 30-4 О; 
; А 5 2 
HÖ 
+ НО 
21.89 
о 
aou. 
О 
brevicomin 
р pa m о он л е 
Вг H* Br [2] Виц SPPh, 
ењењсно +“ CH3CH2CH,OH 
brevicomin 


__Њо“ | [1] 0504 
есет 3а [2] NaHSO;, HO pras СНСН»СНЬ 


(Е and 2 isomers) 
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21.90 


он acetal carbon OCH; OCH; 


EBV o ' " 
i-o 3 | | 

(OH can be up or down in both 
products.) 


„к carbon 


H 


О *OH-— (OH can be up or down.) 


[2] CHOH, на! _ ER e 


HO SA IL (ОСН. can be up or down.) 


s 
[3] Мен ( СНзО 
ан (excess) H 
CH4O сн) ој s 
СНА (excess) 
Ro OCHs 
OCH, 
21.91 
он 
< [1] Os 
"ow. [2] (СНа)25 
CHO i. 


Mechanism of R — S: 


ONE В 


6. CH4Q—H 
+ 


Сн Oso, 
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21.92 The mechanism involves Sy2 displacement of Br, followed by intramolecular enamine 
formation. 


соз? 


proton 
transfer 


(any acid) 


HN — = 
A 
V 4 \ ) + НСОз + НО 
} NN — 7-0 
2 y ум 


conivaptan 
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Chapter 22 Carboxylic Acids and Their Derivatives—Nucleophilic Acyl Substitution 
Chapter Review 


Summary of spectroscopic absorptions of RCOZ (22.5) 
IR absorptions e All RCOZ compounds have a C=O absorption in the region 

1600—1850 cm”. 
e RCOCI: 1800 cm“ 
e (КСО)2О: 1820 and 1760 cm" (two peaks) 
e RCOOR': 1735-1745 ст" 
e RCONR'): 1630-1680 cm" 

e Additional amide absorptions occur at 3200—3400 cm (М-Н stretch) 
and 1640 cm (М-Н bending). 

e Decreasing the ring size of a cyclic lactone, lactam, or anhydride 
increases the frequency of the C=O absorption. 

e Conjugation shifts the C=O to lower wavenumber. 


'H NMR absorptions • С-Н acto the C=O absorbs at 2-2.5 ppm. 
e N-H of an amide absorbs at 7.5—8.5 ppm. 


"С NMR absorption e C=O absorbs at 160-180 ppm. 
Summary of spectroscopic absorptions of RCN (22.5) 


IR absorption e CzN absorption at 2250 cm 
"С NMR absorption e СЕМ absorbs at 115-120 ppm. 


Summary: The relationship between the basicity of Z and the properties of RCOZ 


* Increasing basicity of the leaving group (22.2) 
* Increasing resonance stabilization (22.2) 


0 ?| $ ? ? T 
1 
„о „ од ~ „С 
acid chloride anhydride carboxylic acid ester amide 


* Increasing leaving group ability (22.7B) 
* Increasing reactivity (22.7B) 
* Increasing frequency of the C=O absorption т the IR (22.5) 


General features of nucleophilic acyl substitution 

e The characteristic reaction of compounds having the general structure RCOZ is nucleophilic acyl 
substitution (22.1). 

e The mechanism consists of two steps (22.7A): 
[1] Addition of a nucleophile to form a tetrahedral intermediate 
[2] Elimination of a leaving group 

e More reactive acyl compounds can be used to prepare less reactive acyl compounds. The reverse 
is not necessarily true (22.7В). 
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Nucleophilic acyl substitution reactions 
[1] Reaction that synthesizes acid chlorides (RCOCI) 


From RCOOH О о 
(22.10А): ои Ио ЕДО 
[2] Reactions that synthesize anhydrides [(RCO),O] 
[a] From RCOCI T 0 оо 
(22.8): mua tom ppt ©“ 
О О 
[b] From dicarboxylic OH "E о + HO 
acids (22.108): EH 
О О 


cyclic anhydride 


[3] Reactions that synthesize carboxylic acids (RCOOH) 


q 2 h 
[a] From RCOCI LC. + HO adine Cy + | - 
(22.8): iib ii ib N 
[b] From (ЕСО);0 T О . uo 0 
(22.9): ов | 2 вон 
[c] From RCOOR' i + њо i J 
po p toc xa ak Гб 
(22.11): R OR (H* or -OH) R OH В ion 


(with acid) (with base) 


О 
ноз, i „б. T АМН» 
R^ ^он 
[d] From ВСОМВ', (R' = о E 
H or alkyl, 22.13): n NR; Р 
H20, ОН || 
В'= Н огаку | ———— 


Cy у 
Rro  * RH 


[4] Reactions that synthesize esters (RCOOR') 


О О 
[a] From RCOCI ДЕ зе ној | 


т po 
(22.8): R CI pyridine R OR' N СЕ 
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[b] From (ЕСО);0 $9 .. 0 

(22.9): a Con TR ров На 
[c] From RCOOH о | H2SO0, 0 

(22.100): ae чај * “Он "o gos * ЊО 


[5] Reactions that synthesize amides (ВСОМН)) [The reactions are written with NH; as the 
nucleophile to form RCONH». Similar reactions occur with R'NH2 to form ВСОМНВ', and with 
R'5NH to form ВСОМВ..] 


О О 
[a] From RCOCI lo wA. = 4 day 
. R^ ^0 a as Ке 
(22.8): TRAMA pr n 
о о О 
[b] From (RCO),0 P + м —— е: + RCOO-NH, 
(22.9): (2 equiv) ? 
Д [1]NH3 C 
[c] From RCOOH в°°<он тл амн" H20 
(22.10D): 
| 0 
неон * РАН сс” Ромни * ЊО 
О 
[d] From RCOOR' c + NH ——® д р 
(22.11): R^ COR | веом 7 MOH 


Nitrile synthesis (22.18) 
Nitriles are prepared by S2 substitution using unhindered alkyl halides as starting materials. 


R-X + “CN — R-C=N + X 


Sy2 
R = Cha, 19 
Reactions of nitriles 
[1] Hydrolysis (22.18A) 
R-C=N ian Ё Ё 
(Htor-OH) _ R^^oH ?' воле 


(with acid) (with base) 
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[2] Reduction (22.18B) 
[1] ШАН, 


R—CH,NH> 
2] H | 
[2] HO 1° amine 
В-С=М 
[1] DIBAL-H н 
[2] НО R^ `H 
aldehyde 


[3] Reaction with organometallic reagents (22.18C) 


в_с=м  [üRMgXorRLi _ i 
[2] ЊО Бе он 
ketone 


Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 


05 LO 
CH3 
2. (a) Which compound absorbs at the lowest wavenumber in the IR? (b) Which compound absorbs 
at the highest wavenumber? 


О 
O. 70 N 
О 
А в С D 


3. a. Which of the following reaction conditions can be used to synthesize an ester? 


RCOCI + R'OH + pyridine 

RCOOH + R'OH + Н,804 

ЕСООН + R'OH + NaOH 

Both methods [1] and [2] can be used to synthesize an ester. 
Methods [1], [2], and [3] can all be used to synthesize an ester. 


ehe us qur 


b. Which of the following compounds 15 most reactive in nucleophilic acyl substitution? 


І. CH3COCI 3. CH3CON(CH3)? 5. СНзСООН 
2. СЊСООСНз 4. (CH3CO),0 
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4. What reagent is needed to convert (CH3CH;);:CHCOOMH into each compound? 
a. (СНзСН>)>СНСОО Ма“ 
(CH3CH2)2CHCOCI 
c. (CH3CH2)2,CHCON(CH3)2 
d. (CH3CH2)2,CHCO2CH2CH3 
e. [(CH3CH25;CHCO pO 


5. What reagent is needed to convert CH3CH2CH2CN to each compound? 
a. CH3CH2CH2COOH 
b. CH3CH2CH2CH2NH2 
с. СЊОЊСЊСОСЊСНа 
d. СЊСЊСЊСНО 


6. Draw the organic products formed in the following reactions. 


HD CO;H 
S [1] масм 2 [1] SOCI 
a Boy P ЈЕ - 


[2] НАНА [2] (CH3CH2)4NH 
[3] HzO 
[Indicate stereochemistry.] о 


О 
p. r9 p NaOH, H;O B 
— e. + СНСН,МН, = 
О O- CH5;CH3 (excess) 


OH о O t ЮЕ [1] NaCN 
Я С те ИГЕ 
ү [3] H2O 
Answers to Practice Test 


1. a. 5-ethyl-2-methyl- 5. а. О" 
heptanenitrile b. [1] LIAIH4; [2] ЊО 
b. cyclohexyl 2- с. [1] CH3CHaLi; [2] НО 
methylbutanoate d. [1] DIBAL-H; [2] Н›О 


c. N-cyclohexyl-N- 6. N(CH4CHs), 
methylbenzamide D H 
2.а. С а. р 


b.1 b. CX y 
4. a. NaOH О O^ 


b. SOC + + 
"2 


NHCH;CHs 


о-н NCH CH 
c. HN(CH3)2, DCC HOCH Chg аса 


d. CH3CH2OH, H2SO4 


e. heat ососњ o 
+ 
c. OH P 


о 
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Answers to Problems 


221 The number of C-N bonds determines the classification as a 1“, 2°, or 3° amide. 


NH2 1° amide 
2 
о о 


О 
aeni е Ny О О О. 


21 
о 


о NH HN 

д о 

| НМ ~ 

охуїосїп | NH мн,“ =" 1° amide 
All seven others are 2° amides. Н 5 
о2 ^. i 
| EM О 3? amide 
но ^2 


22.2  Asthe basicity of Z increases, the stability of RCOZ increases because of added resonance 


stabilization. 
70 О: 10: 
pon ES Ch. pom T 
R Br: А“ + Br: R Br: 
The basicity of Z determines how much 
this structure contributes to the hybrid. 
Br is less basic than "ОН, so RCOBr 
is less stable than RCOOH. 
22.3 
сб: :0: This resonance structure contributes little to the hybrid 
E | RR l a since СГ is a weak base. Thus, the C-CI 
СНз С pror abu. 
сну Ck сну “а bond has little double bond character, making it similar in 
length to the C—Cl bond т CHCl. 
ISTA :0: This resonance structure contributes тоге to the hybrid 
CH3—NHz нүн ues NH, 777 since МН» is more basic. Thus, the C-N bond 
5 in HCONH; has more double bond character, making 
it shorter than the C-N bond in CH3NHpb. 
22.4 
a. (CH3CH5);/CH— COCI b. CgH&5COOCHs 
re-draw а 
О О 
СІ 2-ethylbutanoyl chloride OCH, methyl benzoate 
-—- 2-ethyl 


alkyl group = methyl 


acyl group = 
benzoate 
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о О 
I | 
е. 
C. СНСНСОМСН)СНЊСНа сненл o^ | | | 
[етан benzoic propanoic anhydride 
О 
жы рай, acyl group = acyl group = 
| > N-ethyl-N-methyl propanoic benzoic 
acyl group = N-ethyl-N-methylpropanamide 
propanamide mu | 
а. i f. | CN 3-ethylhexanenitrile 
НУ `ОСН»СНз 3 
6 carbon chain = 
alkyl group = ethyl hexanenitrile 
acyl group = ethyl formate 
formate 
22.5 


a. 5-methylheptanoyl chloride d. N-isobutyl-N-methylbutanamide 9. sec-butyl 2-methylhexanoate 


Cl di d yo 
b. isopropyl propanoate e. 3-methylpentanenitrile h. N-ethylhexanamide 


A dab. ДКА 


f. o-cyanobenzoic acid 


c. acetic formic anhydride H 
оо 9 
iu wm OH 
CN 


22.6 CH3;CONH; has two H's bonded to М that can hydrogen bond. CH;CON(CH3), does not 
have any H's capable of hydrogen bonding. This means СНзСОМН») has much stronger 
intermolecular forces, which leads to a higher boiling point. 


22.7 


О О О О 
11 И | 1 


Cy C. C. 
а. СНУ "OCH;CH, and сну N(CH;CH;), c. CH&4CH,CH; "^ NHCH, and  CH3CH,CH;~ ^NH, 


amide: С=О at 2? amide: 1 N-H 1° amide: 2 
lower wavenumber absorption at N-H absorptions 
3200-3400 cm 
o б О О 
С! 
b. 9 and ~ d B. SIM 
О 
smaller ring: : 
А : anhydride: 
С=0 at a higher 2 С=О peaks 


wavenumber 
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22.8 


H, signal from the 5 H's О” СОН» 
on the aromatic ring 


Molecular formula Сон, 502 
5 degrees of unsaturation 
IR: 1743 ст“! from ester C=O 
3091-2895 стг! from sp? and sp? С-Н 
1H NMR:H, = 2.06 ppm (singlet, 3 H) – CH3 
Hp = 5.08 ppm (singlet, 2 H) - СН, 
H, = 7.38 ppm (broad singlet, 5 H) 


Ha—H H О 


Hp PARS Hp signal from the 
B 10 H's on the two 


aromatic rings 
Molecular formula C44H1202 


9 degrees of unsaturation 
IR: 1718 ст“! from conjugated ester С=О 
3091-2953 стг! from sp? and sp? С-Н 
1H NMR:H, = 5.35 ppm (singlet, 2 H) 
Hp = 7.26-8.15 ppm (multiplets, 10 H) 


22.9 More reactive acyl compounds can be converted to less reactive acyl compounds. 


a. CH3COCI = CHCOOH 
more reactive YES less reactive 

b. CH4CONHCH, — CH3COOCHs 
less reactive NO more reactive 


с. CH4COOCH; — 
less reactive 


CH4COCI 
more reactive 


d. (СНзСО)>0 —- 
more reactive 


CH3CONH> 
less reactive 


22.10 The better the leaving group is, the more reactive the carboxylic acid derivative. The 


weakest base is the best leaving group. 


9 l 

C. ~ 
от oF 
-NH2 strongest base ОСН 


least reactive 


О О 
| | 
pon „©... 
b. CH3CH3~ ^NHCHg CHCH,“ ^OH 
-МНСН. strongest base -OH 


least reactive 


22.11 


È И T | 
сну ^o^ ~ 


intermediate 


intermediate 


С C 
СНз ClC^ ^O^ ^CClh 
acetic anhydride | | 
trichloroacetic anhydride 


-CI weakest base 
most reactive 


о 9 
C. ^C. 
CH4CHz ^ "Q^ ~CHsCH, 


-ООССНЬСН. weakest base 
most reactive 


The CI atoms are electron withdrawing, 
which makes the conjugate base (the 
leaving group, CCISCOO ) weaker 
and more stable. 
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H20 NH» + NH4*CI- 
о & C. NNI S 
pyridine » er excess 


CI 


22.12 


CH4COO- O^ ^CH, + CF (СНз)>МН М(СНз)> 


+ 


а + (СНЗ)МН» СГ 


22.13 The mechanism has three steps: [1] nucleophilic attack Бу О; [2] proton transfer; 
[3] elimination ofthe CI leaving group to form the product. 


би а 207 д 
5 : 


H * 
E + i 
OCH OCH N OCH 
3 3 a У EN 
ES 
OCH; Her 
A. + 2@ 
б br 
осњ ^ 
22.14 


СНзОН 


Бу је 


сү 
[9] [9] 
но он + н 
а. с. 
ехсеѕѕ 
О О О 
H (СНз)МН 
Cy an OD) 3)2 ^ A ad 
excess (CH3)2NH> 
22.15 Reaction of a carboxylic acid with thionyl chloride converts it to an acid chloride. 


О 
ü 5001, | 
а. снзсн; "OH CHCH“ СО! 


О о О 
b d [1] SOCI, c [2] (СНАСН;)„МН (excess) | 
" H =_——————$_ 


~ С 
ме cl - Las. N(CH5CH3) 


ER 
(СНаСНоМН; СГ 
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22.16 
HSO. 
a. DU M ON + CH3CH20H LU осњењ + Но 
I 
О 
СООН Т 
р Cy + “Son #50, ore + НО 
0 
COOH Саке 
О Ма 
(9 Cy + NaOCH; ——- Cy + CH30H 
о о 
H2SO0 
d о о не 29V4 p + HO 
О 
22.17 
D ? 
C CH3'8OH C 
22.18 
d. Жы H con HÖ: :ÖH нбибн "98989 
ES SE 70503 E C. н » 
се“ б М Мы ш. 
А. + HSO4 -OSOH | 
:0: afr rem Gö: Өн, 
О; + H504 њб + О à 
+ HSO4 
22.19 
о О 9 
a. 
CH3NH + e CH3NH» 
p = O^ HaNCH; Ao DCC а 


У Уә 


[e 
b. [1] СНзМНЬ 
NHCH, + #20 
p [2] А 3 
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22.20 


[1] НзО* 


| po 
CH4O | [21 НгО, “OH lean 


eps 
т" 


octinoxate 
СНО 
о [1] НзО+ с r dp e RS 
b. Ces 
OH 
octyl salicylate [tele со + НОС И МЕ ~ 


22.21 Bonds broken during hydrolysis are indicated. 
О 


H30 
22.22 
s RCOOCH,  RCOO QOCR 
"addi CH „OOCR 
- RCOOH, H;SO, л к 
( nd E 07 Хен;оосв 
HO OH | T 
a long-chain fatty acid RCOO | OOCR 
sucrose SESS 
22.23 
|i en CH5-OH Na* -OOC(CH5)45CHs 
hydrolysis 
СНОСО(СН;),СНа Qu EA CH— OH * Na* -OOC(CH5);5CHs 


снгосо(сњуснесн(сњусне CH,-OH Ns*-OOC(CH, CH» CH(OH OH 


glycerol soap 
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22.24 


:0: proton О: 


H A Ag MISI. Pm 
DO NH :0 NH; 


22.25 Aspirin has an ester, a more reactive acyl group, whereas acetaminophen has an amide, a less 
reactive acyl group. 

a. The ester makes aspirin more easily hydrolyzed with water from the air than 
acetaminophen. Therefore, Tylenol can be kept for many years, whereas aspirin 
decomposes. 

b. Similarly, aspirin will be hydrolyzed and decompose in the aqueous medium of a liquid 
medication, but acetaminophen is stable due to the less reactive amide group, allowing it 
to remain unchanged while dissolved in H5O. 


ester amide 
| H 
осна { он, 
о 6 
COOH HO 
acetylsalicylic acid acetaminophen 
22.26 
"Regular" amide is not hydrolyzed. 
ы ee ‚Анн 
Y HT но" yy ox 
О | о о HN 
О a OH = 
COOH COOH 
22.27 
о 
H ? H : 
И o yeep 
| 5 | у 
пујоп 6,10 


О 


o enn Е ТА 


о 
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22.28 


OH 
0) + ноос—{ )ооон 
HO In the polyester Kodel, most of the 


1,4-dihydroxymethylcyclohexane terephthalic acid bonds in the polymer backbone are 
part of a ring, so there are fewer 


О | | degrees of freedom. Fabrics made 
о о from Kodel are stiff and crease 
$0 О { resistant, due to these less flexible 


polyester fibers. 


22.29 


Т о о 
| РГА 
У он + Он EL Fee pt dd ta polyl(lactic acid) 
еј еј 


OH 
Reaction occurs here (-H2O). 


22.30 Acetyl CoA acetylates the NH» group of glucosamine, since the NH» group is the most 
nucleophilic site. 


HO 
о 
но» + үң 
СНЕ ^ SCoA 
glucosamine 
22.31 
a. CH,CH;CH,-Br МОМ. ch. cH, CH,- CN e Хи HO, "он A 
CN COO 
CN . COOH 
CN COOH 
22.32 
ji ОН NH NH; 
au 77 ба ПА det ч 
© сну “мн, сну "NH € CHCH; СОН снсн; ^O 
0 OH 
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22.33 
[1] NaCN 1] DIBAL-H 
а. CH34CH;-Br CH3CH;— CH;NH; b. CH3CH;CH;- CN ш - 
[2] ЦАЈН, [2] H2O 
[3] H2O 
22.34 
OCH3 OCH, CN 
[1] CH3CH2MgCI [1] CgHsLi 
a. —_—_— < // b. Е 
[2] НгО с [2] НгО 
CHCH; 
22.35 
Р CH;-CN 
CH;-CN [1] CHgMgBr CH;-C 5 [1] DIBAL-H 
4 ——- Сн; © 
| [2] H20 [2] НгО 


[1] (CH3)3CMgBr 


CH2-CN 
пој 


22.36 


[2] H2O 


CH3-C=N 


[2] H2O 


7 


[1] СНАСНМоВг i 


CH4CH;-CZN 


CH;-Q CH;-CN 
Cy с(снаг d. Cy H,0* 


О 


// 


CH3CHCH2-C 


22.37 The better the leaving group, the more reactive the acyl compound. 


О 


сы 


worst leaving group 
least reactive 


О 
а. Уоту 
А 


isobutyl 2,2-dimethyl- 
propanoate 


22.38 


о 


~ 


intermediate 
reactivity 


B 
2-ethylhexanenitrile 


О 


Or 


best leaving group 
most reactive 


H 
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COOH 
"EP 1] HO* X Н а 
А 2]-ОН » ud | HO 


Но 


он 


A 131СНзСнгСн:МоВг HO _ ЖТ | md 


А 4] ЦАЈНА " Но К Уон И но ~" 


COOH 
[1] H5O* 
B 
COO 
2] -OH 
B МАНЕ 9 -—M Р 
но 
О 
в [8] CH;CHCH;M9Br _ HO _ | 


B laah E ze ~ wee 


22.39 Better leaving groups make acyl compounds more reactive. C has an electron-withdrawing 
NO» group, which stabilizes the negative charge of the leaving group, whereas D has an 


electron-donating ОСНз group, which destabilizes the leaving group. 
О 


О 
Il i 


C. Cy 
сни о) сни о— ось 
Bd o | 


an electron-withdrawing substituent an electron-donating substituent 


:0: Or = == 
BG pon 9 7 : 9 b — 5 
: N+ = =, ES = 4 =: 
е 73 м o = О V OCHs; Q OCH; 


one possible ' one possible 
leaving group from C resonance structure leaving group from D resonance structure 
Delocalizing the negative charge on the Adjacent negative charges destabilize 
NO; stabilizes the leaving group, the leaving group. 


making C more reactive than D. 
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22.40 


a. а : : f. 
2,2-dimethylpropanoyl chloride 


о 


o 


с. 
cyclohexanecarboxylic anhydride 
d. 
О 
5 Ort? 
H 
22.41 


a. propanoic anhydride 
о [9] 
а Sae ЧР 
b. o-chlorobutyryl chloride 
О 


ne 


CI 
c. cyclohexyl propanoate 


OQ 


d. cyclohexanecarboxamide 


о 
|| 


C. 
CY NH; 


22.42 Rank the compounds using the rules from Answer 22.10. 
О 


ш Р ОЗИ 


2 


-МН» strongest base 


least reactive 


N-cyclohexylbenzamide 


О 
| Сү о cyclohexyl pentanoate 9: 
о о 
О 
phenyl phenylacetate 
О 


h CMS 
у C 
X 
CI 
Br 
О 
1. 
| ) „Л 


e. isopropyl formate 
О ВЯ 
о 
f. N-cyclopentylpentanamide 
О-у ~ 
О 
9. 4-methylheptanenitrile 


rou 


h. vinyl acetate 
О 


Pig? ei 


О 
Co een 


"OCH;CH5CHs 
intermediate 


EX m-chlorobenzonitrile 
CI CN 


О 


С! 
3-phenylpropanoyl chloride 


cis-2-bromocyclohexane- 
carbonyl chloride 


N N,N-diethylcyclohexanecarboxamide 


cyclopentyl 
cyclohexanecarboxylate 


i. benzoic propanoic anhydride 


о О 
CY ^ 
j. 3-methylhexanoyl chloride 


k. octyl butanoate 
О 


ку с 


|. N,N-dibenzylformamide 
О 
3 


О 


PP 


CI weakest base 
most reactive 
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WE cw АД 


езјег anhydride anhydride with electron- 
least reactive intermediate withdrawing F's 


most reactive 


22.43 
5) resonance structures for the leaving group 
:0: Ó = 
\ КЕ z 
Me SM асам. NSN мм № CN: м“ 
в” VJ Nu VJ R Nu VJ \_/ A V J/ \ / 
imidazolide The leaving group is both resonance stabilized and aromatic 
(6 x electrons), making it a much better leaving group than 
exists in a regular amide. 
22.44 
Reaction as an acid: 
:0: B :0: Ter . P = 
„б === o eu d снусн,-М№н, —:8. снусн,-\н 
CH; ~NH> CH; ~NH 5 


no resonance stabilization 


These two resonance structures of the conjugate base 


make the conjugate base more stable, 
and therefore СНАСОМН; a stronger acid. 


Reaction as a base: 


10: О: 
i т ig This electron pair 
CH3CH2—NH | - 
cu, C Rin, сну ^ n, ?7* 2? islocalized on М. 
| 
This electron pair is delocalized by resonance, 
making it less available for electron donation. 
Thus, СНАСОМН; is a much weaker base. 


22.45 
CH3CH;CH;CH;COCI 
HO ^s iui + NH, Cr 
a. — сньсньсньсньсоон + | | CH3CH;CH;CH;CONHs 4 
pyridine N 2 excess 
cr 
H 
CH3CH2OH ~ (СНзСН2)>МН 
b. 3790. CH4CH,CH,CH,COOCH,CH, + ^» e. CH3CH2CHCHCON(CH;CH3)2 
ridine ZA excess + 
са TEE ма + (CHCH5)9NH, СЕ 
CH3COO- СёН=МНЬ 
с. Д. PE + CH3CHsCH,CH»CONHCG,H; 
CH4CH;CH;CHg;c ^O^ “сн. * CI excess 


й 
+ CgHsNHg СГ 
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22.46 
о о 
мы ы раје 
NaCI у 
НЕ no reaction a no: reaction о 
(CHgCHs)2NH 
b НО 7 е = ETSI N(CH2CH3)2 
: 2 Dee : excess + О 
З У 07 намењене); 
-—— 1 
CH30H 
E 3 | к. |  CHCHNH м. TN 
К excess + O 
On TV o^ намењена 
22.47 
C;H&CH;COOH 
2С, 
NaHCO; d О СНзОН ? 
а. ^^ | + HCO; д. — ~ 
> IE H2SO4 wv осн, 
AN о 
ZA h. СНзОН 
b. NaOH | О + HO OH ” NN у 
МАД Ма“ И 
sn p 8 i [1] NaOH 2 о O 
с. ЭЗ» „ | [2] СНАСОС! SAAS 
SS a о 
AN о 
а. Мас! no reaction j. _СНзМН» _ 
DCC и М “мнен, 
NH 
ШЕ: QUI Kk Don eU 
equiv uit ТРЕЕ EE TE 
о [2] СНУСНСН,МН 
NH, Bee Sr UE NHCH,CH,CH, 
NH2 [2] (СНаснон “е ~ осн(сн 
22.48 
о 
H20, -OH 
CH4CH5CHCO;CH;CH; E p + но 
SOCI | 
др uA — no reaction 
d. — NHs PUT + но ~ 
о О 
b.  HsgO* е. CH4CH;NH 
=. =) он + но st PP wie + но 
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22.49 
NH, a Ho CHCOOH p, Њо, “OH сњсоо © 
О 
22.50 
+ —\ a PASS 
но COOH d. [1] CHsCHpLi ~ 
БР [2] ЊО ми 10 
H20, 0H иу cog paH >c" 
C; H;CH;CN b. e. 1 i 
LZ [2] H2O VV О 
A CH3 LOS АН 
с. ЇП©ӊмә ү “у “үе f. [1] LiAIH, Ху “он,мн 
[2] Но хи О [2] HO хи 
22.51 
о о о 
но“ 
, CX Beh CX + o h он 
OH OH | | OH 
о О B 
[e [1] NaCN 
b. сењсос + / ) m AY * ОУ: 9. CH,CH;CH;CH;Br айнда s 
N Hs ) ^M cr [2] H20, -OH 
(excess) H H 
[1] SOCI; 
нЕ о h. сен„сн„соон————————— CeHs(CH));NH(CHz) CH; 
C. CeH,CN. 272 2787 Qe en oT n [2] CH.CH;CH;CH;NHa 
[2] H2O Сен "CH2CH2CHs [3] LiAIH, 
[4] H20 
o 
HSO О 
d. (сн,),снсоон + ———- d à 
Hg)2CH~  ~OCH(CHg)CH2CHg і. N 
ЕЕ нен о HOOC COOH | p 
CH3 О 


H,O p 1 (СЊАСОЉО + ( NH; - NHCOCH, 
e. ———- + 
"us О o- ( ow тыы 
К 
+ CH4COO- "А 


22.52 Both lactones and acetals are hydrolyzed with aqueous acid, but only lactones react with 
aqueous base. 


о H.O* OH о маон о _ 
«Qe Be C eem в OQ A 9 ны 
о О OH OH о О H20 О OH 

X X 
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22.53 
СҮ" NaCN Cm H,0* eu SOCL Фа COC! [1] (H9 CuLi or 
(HO ^ но 
в 
[1] ШАН, слон 
[2] H2O 
ые J [1] DIBAL-H CHO [1] CHaLi 
[2] H2O BHO но 
Е 
(СОБО [1] ЦАН, 
[2] НО 
сњмнсосна CHOH 0 = NaCN Ce 
TsCl, pyridine pyridine 
J 
[1] СНаМдВг 
[2] H2O 
C 
M 
22.54 
ES H H 
C—CH3 {2 ҮР 
а. OH снсосі o c „б. За p 
—— сну ^COOH H* сну ^" COOCH,CH; 
^ pyridine © 
CHa СНз о СНз CH3 сњ 
Br — NaCN CN i | | | 
р. RU LO Е © sir crep A OVH С, 
но dH $500 о” Niha CoHS ЗА сени Woh 
(2 equiv) è +3 
O^ “СНз cr 


22.55 Hydrolyze the amide and ester bonds in both starting materials to draw the products 


CY di dia 


о (А CO2CH2CH3 H20 О,,, СО»Н о 
ES Jk TI | + ДА + но ~ 
М Н HN X 
NH3 


OH 
H = 
NH3 


oseltamivir 
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H 
ноос, A Ñ н.о NH2 HN 
: HOOC OH * + СНаон 
b. о COOH 
сно“ `O О 
азрапате phenylalanine 
22.56 
F 
z CH,SO,CI (-H*) 
(CH3CH3)3N о О 
СНО OH ^N A AR 
СНзО О СНО N^ ^Ph 
H 

РЕ intramolecular 
amide formation 

F 
| < 
27 

O7 ^N 

Ph 
F 
Сан вЕМО 


:0: 
pes PN 
- Соб: Cy Мнн: +:С1: 


ДАА = Ji 
30 OH HO об 


transfer 
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22.58 
pun + E. p. 
BM. н ИКЕ т" P 
сш зан ci СВЕН ~ снъь-с-бн ~ CH,-C-ÓH = CH,-C* 0H, ~ CH-C* 
5 а i0*H :Оён Оён :08H 
| 
H 
+ HÔ: \ + Њо" um 
+ H20: + ozn 
Tw ibilities for A: ae + 
о possibilities fo ción GU uS ©: 
CH3-C+ = С. 18 5 С. 18 t ом 
Oen сну О сна“ 7 
A 
:OH :ÓH :ÓH 
CH3—C+ сх ~ Cg + НО" 
Chey сну 918 нб сну“ “SO: 
А 
22.59 
2 H2Q г Е 
[= | А+ о-н OH OH " 
Ó нон - О (OG ——— A + HÖ 
о: | о: ‘OH о: OH 7 он ^ 
y-butyrolactone т Ан, | 
Јн њо 


:0: 
но’ + на 


4-hydroxybutanoic acid 


GHB 
22.60 
enzyme 
H2ÖH A 
сно сн, 
( Он р 


ü 
С За 
О: Н=А 

CO;H 


aspirin = 


+ А: 
5 BA? д дн 
HA + мосњо-6 о -онго-0 3: X 
CH, CH3 CO;H 


inactive enzyme salicylic acid 
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22.61 


CH4CH;- MgBr 


=. s А б: ~ 0: + 
» E: /] SH pose proton SYL Hg ahs 
o" & 07 бг | Он = \ R 
с Є = б бен. transfer H б ӧсн, 
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22.63 


H—OCH;CHs 


CO2CH2CH3 


CI 
+= :0: 


- + HO 
e á B 


22.64 The mechanism is composed of two parts: hydrolysis of the acetal and intramolecular Fischer 
esterification of the hydroxy carboxylic acid. 


њо T», 
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22.65 
о А 
Рр < Коп B C&H,490:: 2 degrees of unsaturation 
HO CN Ses. О В: 1770 ст“! from ester C=O in a five-membered ring 
1H NMR: Н, = 1.27 ppm (singlet, 6 Н) – 2 СНз groups 
| | Hp = 2.12 ppm (triplet, 2 H) – СН, bonded їо СН, 
Нь Hc Н, = 4.26 ppm (triplet, 2 H) – CH; bonded to CH; 
A 
HO Сем: НО C=N: HO C=NH H—QH» 
"n s | transfer н | VI 
+ОН› OH 
С imidic acid 
но 
HO CZ NH HO C-NH; HO с=мн, 
ОН Ею: O-H 
t Нонг amide \ 
+ ње: н;О 
HO: 
Lo N ~ + а 
HO. NH; HO. NH,  H-OH, H-O> NH; H-0 
^H Ё V XM x 
207 `0: —— io: О: + NHs 
НО j H20: 


22.66 Fischer esterification is the treatment of a carboxylic acid with an alcohol in the presence of 
an acid catalyst to form an ester. 


О OH HO 

а. (CHj4CCO,CH,CH, ———> (CH34CCOOH © Ma a => + ТМ 
+ HOCH,CH; xy FOCAL 
o OH HO d pur === pur" * HO 
b. 5 + | 
О о о о 
22.67 
NH 

Pac m 3 Panem 

a Br "excess МН» H 
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[1] MgB 
см gor р Др, Mg prr a Br 
(from a.) [2] НО H g 
О 
NaOH Сто. H5SO 
с. в он mec m^ Perse ud о b d 
Dus Сон О 
(from b.) 
[1] 7 7 7 MgBr OH 
d о (2 едим) 
о 
(from с.) 
22.68 
Ма р MUNI S ОВ = Ma0; H PORE ай | 
a Br C | соон SOC! и cocl 
b. HOCH;CHs _ и 
(ойл, COO ту CO;CH;CH; 
с. УО УЗО ССМ [1] CH3MgBr Ро аса да; 
| (from а.) [2] Н2О i 
О 
[1] LIAIH4 CH3COCI 
d. AN NS Р МЫ 3 [NANA 
(from a) C [2] H,O CH5NH; CHSNHCOCHs 
22.69 
H30* 
a. CHQCI + NaCN > CH3—CN ~ CH4-COOH 
[1] CO2 
CH,-Cl + Mg = СН»—М9С! ET H30* CH3— СООН 
b + NaCN This method can't be used because ап Sy2 reaction 
| = can't be done on an sp? hybridized C. 
MgBr queo, COOH 
* Mg EDU 
с. (СНузса! + масм ——~ This method can't be used because ап Sy2 reaction 


(СНз)зС—С! + Mg 


d. HOCH;CH;CH;CH;Br 


HOCH;CHCH;CH;— 


can't be done on a 3? C. 
[1] СО; 
[2] НзО* 


HOCH;CH;CH;CH;- CN 


— — (СНз)зС — MgCl (CH3),C — COOH 


НзО+ 


+ NaCN —— HOCH2CH2CH2CH2— COOH 


This method can't be used because you can't make 
a Grignard reagent with an acidic OH group. 


— 


Вг + Ма 
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22.70 
CH3OH 
| soot О 
CH COOH C 
M з HNO3 3 KMnO, _CH3CH20H ( "we ^7" OCHSCHS 
АСЬ 2504 NL М 2 
H2 
(+ ortho isomer) Pd-C 
Y 
9 
C. 
| Ux OCH;CHs 
н,м< ~~ 
22.71 
О О 
NH yA - yr 
HO 2 HO 
\ CH3COCI =“ ман M OR 
N N N 
H ‘soot H H 
serotonin CH4COOH СНС! CH3O 
со; О 
H5SO,, НО A 
2504. На CHO М 
CH3CH;OH N 
N 
H 
melatonin 
22.72 


_снэсн:с!_ 
^ АСЬ > 


KMnO, 


To! 
OH 


(+ para isomer) 


Hp, Pd-C 


(+ ortho isomer) 


м СН 
c O Y 
О 
HO 


acetaminophen 
(from b.) 


a СХ 


т 


N. СН 
NH2 сн,сосі Ly c7? 
fe 
HO 


(More nucleophilic acetaminophen 
МН» reacts first.) 


H 
СН»СН»Вг yy 
АА Ш 
(0) 
CH4CH;O 


p-acetophenetidin 
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22.73 
носи ~ 
[1] CrOs, H2SO4, ЊО 
[2] ОСЬ 
О о о 
d er Cl M 
| © AICl, FeCl, 
CHOH 
| sock 0 
в O е! om HNO; O” KMnO, Coon CHOH en 
АСВ Нг504 од ом не ON 
(+ ortho isomer) |н Рас 


m 0 
C. C. 
I LY OCH, ae OCH, 
ee 


[1] CrO3, H2SO4, | HON 
H Re) 
[2] SOCI» 


dana 


Br Br Br 
HNO; Cx Hs, Pd-C pu LY 
#80, О; | [1] mo H2504, ДЫ 


(+ ortho isomer) 


Q 


o 

$m 
О |“ 
о 


[2] РО о 


CH3CH20H 
(CH 3)3COH ре 


| | soc, 
О снас! e. KMnO, SOCl pa 
АСЬ 
(+ ortho isomer) 


о 
> | © 
oO} 2 
$$ б 
Ө 


Вг Вг 
Bro CH3Cl KMnO, NaOH 
FeBr3 МС HO 


(+ ortho isomer) 


(CHg)3C Br 
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22.74 
Суве O св. (oer те. (oon е. (у онох 
АСЬ " 
НОСЊСНа 
SOCI 
CHOH 8 CHCI H2SO4 
CH,COOCH;CH; 
ethyl d^ ds 
ic H2 
СНз COO COOCH; 
Co Cy SHNOs_ Hs kno, " HOCH _ 
АСВ 79550; Pd-C 9,50; 
(+ рага isomer) methyl anthranilate 
si 
CH. COOH 
JO aha. UT * КМ0; D] LiAIH _ он CHsCOOH 
AlCl [HO | H20 HSO, 7 mu acetate 
снасњон —— — —— CH,COOH 
H5SO,, НО 
22.75 
о О 
Д СНэ'ЗСН>ОН Е 
а. сну он н,50, сну ^OCH;CHs 
b. снузсн»он СтОз 9 сњонњон "c 
078572 с ————- СНУ  OCH;CH 
6250, О Сн; “`OH H5SO, 3 59 
о 
CH3COCI | 
c. сньсньвг #0 - CH,CH;90H —— снг °ч 
+ base (H1807) 8 OCH;CHs 
180 180 
Е сто | ig СНЗОН;ОН i 
d. 13 13 OH 1301418 3 3C. 18 3CH2 13 
CH3'3CH2OH CH3'°CH2Br CH3'?CH;'*0H HEB, IHR сна Di was e -оон,сн, 
H5'80 
22.76 
О 


апа 


b. сос—{ )- coo 
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22.71 
О о О 
О О О 
оо оо оо 
b. " 
ПОЧНЕ а. 0-2 —-== HO OH HO он 
( ( y 
\ / и 
22.78 


а. Docetaxel has fewer C's and one more OH group than taxol. This makes docetaxel more 
water soluble than taxol. 


OH 
= по “на 
HO нЗ carbamate 
О = О 
О= б 
Д И 
СО: О: О: :О: 
x a " AX E " В ES m + 
ET. didis ET so? s 
1 4 3 2 
most stable least stable More basic N atom allows N to 
donate electron density more 
Increasing stability: 4 « 3 « 2 « 1 than O, so this structure 
contributes more than 3 to the 
hybrid. 
A + == 
:О: Н-ОН> ОН 
+ E .H њо 
"E S pow ха + ФР — 
. О NHR О NHR 
< КЕ) н") огня № A 
" H-OH, 
Es H20 H20 + 


+ H3O 


M 
HNR + ЊО 
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d У О О 
ылыы 
H Он 
docetaxel 
22.79 
О 
б апа б 
а. сну ~OCH3 CH3;CH;~ `OH 
contains a broad, strong OH 
absorption at 3500-2500 стг! 
О [9] 
and 
b END р 
Acid chloride CO absorb А 
cid chloride absorbs at ketone 


much higher wavenumber. 


22.80 
О 


а. CsHsCOOCH2CH3 | CH3CH;COOCH?CHs | P 


Increasing wavenumber 


22.81 


a.  CgH45205 ә one degree of unsaturation 
IR: 1738 ст“! — C=O 
NMR: 1.12 (triplet, 3 Н), 1.23 (doublet, 6 H), 
2.28 (quartet, 2 H), 5.00 (septet, 1 H) ppm 


О L 
ws 
C4HzN 
IR: 2250 ст“! — triple bond 
NMR: 1.08 (triplet, 3 H), 1.70 (multiplet, 2 H), 


2.34 (triplet, 2 H) ppm 
CH4CH5CH;CEN 


Но“ + CO, + О 


+ снсон "O" 


О О 


с. EN and p 


C=O at < 1700 cm"! 2 NH absorptions at 3200-3400 cm"! 
due to the stabilized amide С=О absorption at higher wavenumber 


d. o= он and О 
СНз 


OH absorption at 


3500-3200 ст“! + С=О only C=O 
most resonance least resonance 
b. stabilized stabilized 
CH3CONH, CH,COOCH, CH4COCI 


У ш ш шшш 
Increasing wavenumber 


с. CgHgNO 
IR: 3328 (NH), 1639 (conjugated amide C=O) стг! 
NMR: 2.95 (singlet, 3 H), 6.95 (singlet, 1 H), 
7.3-7.7 (multiplet, 5 H) ppm 
О 
г 
H 


d. C4H;CIO — one degree of unsaturation 
IR: 1802 ст“! — C=O (high wavenumber, RCOCI) 
NMR: 0.95 (triplet, 3 H), 1.07 (multiplet, 2 H), 
2.90 (triplet, 2 H) ppm o 


CI 
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22.82 


22.83 


22.84 


е. C4H490» — one degree of unsaturation f. C19H4205 > five degrees of unsaturation 
IR: 1750 ст“! > С=О IR: 1740 ст“! — C=O 
NMR: 1.20 (doublet, 6 H), 2.00 (singlet, 3 H), NMR: 1.2 (triplet, 8 H), 2.4 (quartet, 2 H), 
4.95 (septet, 1 H) ppm 5.1 (singlet, 2 H), 7.1—7.5 (multiplet, 5 H) ppm 
О 


РИ я 


О 


or 


9. CgH4405 — two degrees of unsaturation 


IR: 1810, 1770 


ст“! - 2 absorptions due to 


C=O (anhydride) 
NMR: 1.25 (doublet, 12 H), 2.65 (septet, 2 H) ppm 


Bey 


A. Molecular formula C459H42O»5 — five degrees of unsaturation 
IR absorption at 1718 ст“! + C=O 
NMR data (ppm): 
triplet at 1.4 (СНз adjacent to 2 H's) 
singlet at 2.4 (CH3) 
quartet at 4.4 (CH, adjacent to CH3) 
doublet at 7.2 (2 H's on benzene ring) 
doublet at 7.9 (2 H's on benzene ring) 


В. IR absorption at 1740 ст“! + C=O 
NMR data (ppm): 


singlet at 2.0 (СНа) e d 
triplet at 2.9 (СН, adjacent to CH3) О 
triplet at 4.4 (СН, adjacent to CH3) 


multiplet at 7.3 (5 H's, monosubstituted benzene) 


Molecular formula C465H44NO» — five degrees of unsaturation 
IR absorptions at 3300 (NH) and 1680 (C=O, amide or conjugated) ст“! 
NMR data (ppm): 

triplet at 1.4 (СНз adjacent to СН») 

singlet at 2.2 (СНаС=0) 


quartet at 3.9 (СН, adjacent to СНз) CH4CH;O 


doublet at 6.8 (2 H's on benzene ring) 
singlet at 7.2 (NH) 
doublet at 7.4 (2 H's on benzene ring) 


Molecular formula C44H45NO» — five degrees of unsaturation 

IR absorption 1699 (C=O, amide or conjugated) cm"! 

NMR data (ppm): 
triplet at 1.3 (3 Н) (СНз adjacent to CH;) 
singlet at 3.0 (6 Н) (2 СН» groups on М) 
quartet at 4.3 (2 Н) (СН, adjacent to СНз) 
doublet at 6.6 (2 H) (2 H's on benzene ring) 
doublet at 7.9 (2 H) (2 H's on benzene ring) 


H 
N CH3 


phenacetin 


[e 
N 
CH T OCHsCHg 


C 
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22.85 
a. Molecular formula СНО» > one degree of unsaturation 
IR absorption at 1743 ст“! — С=О 


ТН ММА data (ppm): О 
triplet at 0.9 (3 H) – СН. adjacent to СН, Pgh 
multiplet at 1.35 (2 H) – CH» D 


multiplet at 1.60 (2 H) – CH» 
singlet at 2.1 (3 H — from СН. bonded to C=O) 
triplet at 4.1 (2 H) — CH» adjacent to the electronegative О atom and another CH3 


b. Molecular formula СьН+2О5 — one degree of unsaturation 
IR absorption at 1746 ст“! — C=O 
ТН NMR data (ppm): J 
doublet at 0.9 (6 H) – 2 CHs's adjacent to CH d 
multiplet at 1.9 (1 H) E 
singlet at 2.1 (3 Н) - СНз bonded to C=O 
doublet at 3.85 (2 Н) – СН, bonded to electronegative О and CH 


22.86 The extent of resonance stabilization affects the position of the С=О absorption in the IR of 
an amide. 


LN 
2 


This resonance structure does not contribute significantly 
MN Ze to the hybrid because it places a double bond at the 
+ 


= bridgehead N, an impossible geometry in small rings. 
:0: О: Тһе C=O has more double bond character, so the 
A absorption is at a higher wavenumber. 
" + This resonance structure contributes significantly 
NH) NH їо the hybrid, so the C=O has more single bond 
— y А | 
character. The absorption shifts to a lower 
- Юг wavenumber. 
B ~ 
22.87 
Ко: "y There is restricted rotation around the 
7 / amide C-N bond. The 2 H's are in 
бсн. CICH2-C, different environments (one is cis to an O 
| <м№, N-H atom, and one is cis to СН,СІ), so they 
402ppm + ш H _| give different NMR signals. 
different 


7:35:and 7:60 Dp environments 


| 


This resonance structure makes a significant 
contribution to the resonance hybrid. 


22.88 
с Он КЕ GH 

© -OH | H20 l -OH l 9 

i СеН5-С-ОСН.СН: === Сен С—ОСНСНа CcHs- C7 OCH;CH; Кең 
сен  "OCH,CH OH он o- Сена“ , `ОСН»СНз 

6115 2 3 | m 
ethy! benzoate Two OH groups are now equivalent . т OH 
and either can lose ЊО to form Unlabeled starting material 


labeled or unlabeled ethyl benzoate. was recovered. 
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22.89 
NH 
NH» RO eee RCH,CH;NH» 
abbreviate as: HÍ o: H-C-0: 
\ ~ Ан T 
Ы R CH400C 
СНО H CH3OOC 
CH,00C OCOCH3 
CH300C Е OCOCH3 OCH 
= 3 
OCH3 
proton transfer 
СОСТУ 
©, нб: t s 
RCH;CH;N RCH;CH5NH) | GH, RCH;CHoNH ‚ОН 
EN 264 е 
H н- 
СНзООС СНзООС any proton CH3OOC 
source 
CH3OOC > ОСОСНа CH300C OCOCH3 CH300C 7 OCOCH3 
OCH, OCH, OCH, 
R 
RCH;CH;N2 Е T CH4O 
uid o ic 86) N 1 | 
О о 
CH400C S J ч 
CH40OC У ОСОСНа ОСОСНз CH,00C ~ OCOCH; 
OCH; OCH; CH300C 
+ HÖ” * 


снаог 


22.90 Both acetals are hydrolyzed by the usual mechanism for acetal hydrolysis (Steps [1 —[6]), 
forming four new OH groups. Intramolecular esterification forms a lactone (Steps [10]-[15]), 
followed by conversion of a carbonyl tautomer to an enol (Steps [16]-[17]). Both acetals are 
hydrolyzed at once in the given mechanism. 
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О: О-Н H H 
o9 o9 o9? o9? 
" J COH | о im СОН 2] oa COH - Ө /r COH 
+ 2Cl но H 
dr 


* + 2 HCI 


- OH Von nd / 
HO 
9 [10] 
OH 


HO 


[14] 


HO 
HO OH 


a e + HCl 
HO OH 


vitamin C 
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22.91 
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Chapter 23 Substitution Reactions of Carbonyl Compounds at the о Carbon 


Chapter Review 


Kinetic versus thermodynamic enolates (23.4) 


© Kinetic enolate 
CY n e The less substituted enolate 
e Favored by strong base, polar aprotic solvent, low temperature: 
kinetic enolate LDA, THF, –78 °C 
О 
_ В Thermodynamic enolate 
Cx e The more substituted enolate 
e Favored by strong base, protic solvent, higher temperature: 


ва а NaOCH.CH3, CH;CH;OH, room temperature 
enolate 


Halogenation at the o; carbon 
[1] Halogenation in acid (23.7A) 


О 
p H X2 e The reaction occurs via enol intermediates. 
R R CHCOOH Á e Monosubstitution of X for H occurs on the 
Xə = Сі, Bro, orl, | o-halo aldehyde о carbon. 


ог ketone 


о e The reaction occurs via enolate 
кл c^ HEUS intermediates. 
/\ -OH • Polysubstitution of X for H occurs on the 
uii а, carbon. 


X» = Clo, Bro, or 5 


[3] Halogenation of methyl ketones in base—The haloform reaction (23.7B) 


О О e The reaction occurs with methyl ketones 

|| X» (excess) И lts in cl f b 

ge en LM RCo- | + HOXs and results in cleavage of a carbon-carbon 
| haloform с bond. 


X» = Clo, Bro, or Ip 
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Reactions of o-halo carbonyl compounds (23.7C) 


[1] Elimination to form o, B-unsaturated carbonyl compounds 


| исо о в 
| 
[o4 2 3 
и LiBr d B 
Br DMF 9 


Elimination of the elements of Br and H forms 
a new n bond, giving an о, -unsaturated 
carbonyl compound. 


[2] Nucleophilic substitution 


О 
p Bt 


о 
:Ми Доми 


compound. 


Alkylation reactions at the о carbon 
[1] Direct alkylation at the о; carbon (23.8) 


О 
Il 


Сан 
db." 


[1] Base 
/\ [2] RX /\ e 


о е 


I 
AER + X а, carbon. 


e The reaction follows ап Sn2 mechanism, 
generating an o-substituted carbonyl 


The reaction forms a new C-C bond to the 


LDA is a common base used to form an 


intermediate enolate. 
e The alkylation in Step [2] follows ап Sy2 


mechanism. 


[2] Malonic ester synthesis (23.9) 


i 
H-O;COOEt — 
COOEt 


1] NaOEt 


diethyl malonate 


R—CH,COOH * 
а 


2] RX 
3] НзО*, A 


The reaction is used to prepare 
carboxylic acids with one or two alkyl 
groups on the © carbon. 


e The alkylation in Step [2] follows an 
Sn2 mechanism. 


1]NaOEt [1] NaOEt o 
= ~ |R-CHCOOH 
2] RX [2] ВХ R 
[3] НзО+, A 


[3] Acetoacetic ester synthesis (23.10) 


| 
COOEt 
ethyl acetoacetate 


a 
“CoH — 


o e 
[1] NaOEt n 
[2] RX CH4^ ^CH;-R 
[3] НзО+, A . 
[1] МаОЕї _ [1] NaOEt 
[2] RX [2] R'X 


[3] НзО*, A 


The reaction is used to prepare 
ketones with one or two alkyl 
groups on the o carbon. 

The alkylation in Step [2] 
follows an 512 mechanism. 
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Practice Test on Chapter Review 


1. a. Which of the following compounds can be prepared using either the acetoacetic ester or malonic 
ester syntheses? 


COOH 


Qe CAO 


4. Both [1] and [2] can be prepared by one of these routes. 
5. Compounds [1], [2], and [3] can all be prepared by these routes. 


b. Which of the following compounds is not an enol form of dicarbonyl compound A? 


о о он о он о P. Dh m. DH 
pu» 1. PP 2. Pp 3. pow 4. Pw 
A - 
5. Compounds [1144] are all enols of A. 


2. a. Which proton in compound A has the lowest pKa? 
b. Which proton in compound A has the highest pKa? 


Hp Hc 
На 
О 
Hj A 


c. What proton in compound B is the least acidic? 
d. What proton in compound B is the most acidic? 


3. What reagents are needed to convert 4-heptanone to each compound? 
a. 3-bromo-4-heptanone 
b.3-methyl-4-heptanone 
c. 3,5-dimethyl-4-heptanone 
d. 2-hepten-4-one 
e. 2-methyl-4-heptanone 
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4. Draw the organic products formed in each of the following reactions. 


І (excess) 


-OH 
О 
CO,Et — [1]LDA 
b [2] CH3;CH Br 
| [3] НзО*, A 
с ОНЫСО, [1] NaOEt 
[2] CHSCH;Br 


о о 
ре 
О 
доо 
[1] NaOEt 


[2] Сен СНС! 
[3] НзО*, А 


[1] NaOEt 
[2] CH.CH;CH;CHSBr 
[8] НзО*, A 


[1] LDA 
[2] CHCH;Br 


5. a. What starting materials are needed to synthesize carboxylic acid A by a malonic ester 


synthesis? 


b. What starting materials are needed to synthesize ketone B by the acetoacetic ester synthesis? 


Answers to Practice Test 
1.а. 1 


3.a. Bro, CH3CO;H 
b. [1] LDA; [2] CHsI 
c. [11 LDA; [2] СНз; 
[3] LDA; [4] СНУ 
d. [1] Во, CH3CO2H; 
[2] LixCO3, LiBr, DMF 
e. [1] Вг», СЊСОН; 
[2] 150», LiBr, DMF; 
[3] (CH3)2CuLi; [4] H20 


О 


/ 


o о 
о 
o 
V | 3 
сл 
О 
i 
D 
Ce 


d. к ч А 


И Вг 
Вг 
сњо ~~ 
СНСОЉЕ > 


" (Y 


Z7 gr 


е) 
„Д сов 
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Answers to Problems 


23.1 • To convert a ketone to its enol tautomer, change the С=О to C-OH, make а new double bond 
to ап & carbon, and remove a proton at the other end of the C=C. 
• To convert an enol to its keto form, find the С=С bonded to the OH. Change the C-OH to a 
C=O, add a proton to the other end of the C=C, and delete the double bond. 


[In cases where E and Z isomers are possible, only one stereoisomer is drawn.] 


HO О. 


а ys um а D == D 
OH 
: сњ A СНБ. „2 H “А =—— СНБ 2 0^7 
о M о он 


Draw mono епо! 
tautomers only. 


po n^ 


(Conjugated enols are preferred.) 


23.2 The mechanism has two steps: protonation followed Ll deprotonation. 


f N :ÓH +0- S: 
н HÖH » IN н 
+ Нзо“ 


23.3 
Е DŹCI H e porn 
H эн Җен 3J H ен 
[2 + 

о :Q7D Ó-D O-D :Q-D 

A 
DŹCI "m n 

DD D D 

H +H 
D-Cl + Ó = :04D 
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23.4 
:0: :О: 0: О: О: :07 
а. || I | || || 1 
CRC. — Cx С — ^C. он 
CH;CH,0^ 767 ^ OCH;CH; CH;CH,O^ “67 ^" OCH;CH; снасно“ “^C ^ OCH;CH; 
H H H 
:0: 9 :0: 9: О: 
| I | 
C. = „С == C == C С 
О. єн Gu сосњењ СН ТС “осњсњ сну “с^ "OCH;CHs 
| 1 
H H 
О: б: О: 
Cause C 7 D. 2 
© сну“ “Ёнс=м: сна“ SCHCEN: CH4 ^ ~C=C=N 


23.5 The indicated H's are & to a C=O or СЕМ group, making them more acidic because their 
removal forms conjugate bases that are resonance stabilized. 


о 
{ 2 x 
а. СНУ ~CH,CH,CH b. CH3CHsCH»—CN с. C d. 
| 3 dica a i CH,CH,CH;^ ^ OCH,CH, ie © 
| fen 
23.6 
pe y Ц А 
| dod А 
j^ | -H+ es | 
:0: г :0: Я 
= J. АХ 
no resonance stabilization Two resonance structures Three resonance structures 
least acidic stabilize the conjugate base. stabilize the conjugate base. 
intermediate acidity most acidic 


23.7 In each of the reactions, the LDA pulls off the most acidic proton. 


о о 
E P = 
a. DDR с. Сб LDA |. СНС 
THF OcH,cH, THF 'OCH;CH; 


CHO LDA СНО CN LDA CN 
о: ТНЕ a CY WE dd 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 651 


Substitution Reactions of Carbonyl Compounds at the œ Carbon 23-7 


23.8 
he ga 
О О O О m O O 
— + [Сна 
A соонун, орав H3O* e sp ВЫ, 
H * MgBr* 


CH3-MgBr 
The CH» between the two С=О’$ contains acidic H's, so CH3MgBr reacts as а base to 
remove a proton. Thus, proton transfer (not nucleophilic addition) occurs. 


23.9 In addition to being strong bases, organolithiums are good nucleophiles that can add to a 
carbonyl group instead of pulling off a proton to generate an enolate. 


2310 • LDA, THF forms the kinetic enolate by removing a proton from the less substituted C. 
e Treatment with МаОСНз, CH3OH forms the thermodynamic enolate by removing a proton 
from the more substituted C. 


LDA, THF reed [e 
О = 
A pu № =) о о LDA, THF 


NaOCH3 Po 
ы | о 
CH4OH с. маосн, 
B " 
CH4OH 
о LDA, THF _ 
b. on : NaOCH; || 
CH3OH T 


23.11 
a. This acidic H is removed with base to form an achiral enolate. 


| о О о 
H 
оар NaOH < но an: СН 
Н + 'H 


(2R)-2-methylcyclohexanone achiral 
Protonation of the planar achiral enolate occurs with 
equal probability from two sides, so a racemic mixture is 
formed. The racemic mixture is optically inactive. 
b О О О 


9 NaOH 


aH AH AH 
‘CH "СНз | ens 
(SR)-3-methylcyclohexanone 


This stereogenic center is not located at the o carbon, 
$0 it is not deprotonated with base. Its configuration is retained in 
the product, and the product remains optically active. 
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23.12 
а! О 
Cl; Вг, CH4CO;H 
" [= О с. 
НО, НСІ 
О 
l Bro i 
(о (Пе Пеј РАВНИ CH4COH CH3CH;CH^ ~ 
| 
Br 
23.13 
о 
О m | о о 
= Br, “OH В Б Tp, "OH 205 é y^ 1, OH a _ + HCl, 
23.14 
О О О О 
а e C0; Аи c A cla 
IDr 
Br DMF Br SCH 
О 
b Ини CH3CH2NH3 
Br NHCH;CHs 


23.15 Bromination takes place on the o carbon to the carbonyl, followed by an 52 reaction with 
the nitrogen nucleophile. 


РА 


>< мнсн 
LSD 
CH3CO;H 
Зеке (Section 18.5) 

p ios docu 

23.16 
о о 

2 [1] LDA, THF 0 [1] LDA, THF 

a. CHSCHS”~CHeCHs "qgpguyoug CHCH Соно о. 0 ссни 9 
CH;CHs 


О О 
[1] ЕДА, THF [1] LDA, THF Р Xx 
b. d. CH4CH;CN rS :4 Сн сном 
1 
[2] СНэСНы [2] СНзСН» CH,CH; 
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23.17 
[1] LDA, THF 
B [2] CHI 
о о о 
p eee PN i 
b. mom. Е ~y 


Боен nr о gg, + ~ бен, 
c. [2] СНЫ б 0 
23.18 Three steps are needed: [1] formation of an enolate; [2] alkylation; [3] hydrolysis of the ester. 


Jr e [1] LDA Coe noe Гоа 
сно CH4O CH,O 


A 
[3] НзО* 


The product is racemic because the new 
stereogenic center is formed by CO;H 
alkylation of a planar enolate with equal 
СНзО 


probability from above and below. 
naproxen 


23.19 


E KOC(CHs)s pee CHBr О кос(сну O са о 
E (CHg)3COH Rs cp (CH,),COH m 
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23.20 
CH, 
LDA ^ сна B В" со 
| 
[ > “THF [ > => 9 come o в. 7-2 
T О б CH.CO;H ho Ur о 
A B C а-тећујепе- 


y-butyrolactone 


23.21 Decarboxylation occurs only when a carboxy group is bonded to the œ C of another carbonyl 


group. 
О 
COOH COOH о 
а | СООН b СЕР с. ОД coon d. 76 
ü COOH | VR 
COOH 
Qa 
YES NO YES NO 
23.22 
сна 


1] NaOEt * 
a. CH,(CO,Et)» — Ма -( b. CH,(CO,E), [1NaOEt [1] Мао НО“ 


CH;-CH,COOH ES BHO 
A А e" CH» CH,-6-COOH 


eg. [2] СНзВг [Сн А 
COOH 
= соон 


23.24 Locate the a C to the COOH group, and identify all of the alkyl groups bonded to it. These 
groups are from alkyl halides, and the remainder of the molecule is from diethyl malonate. 


23.23 


a. сом“ О! b. вту ч в 


a. ((CH9)&CHCH;CH;CHSCH; +CH»,COOH 


а 


[1] NaOEt H30* 
CH2(CO2Et)2 - ~ — (CH3;CHCH;CH;CH;CH;CH;COOH 
[2] (CHg);]CHCH;CHSCH;CH5Br ^ 
b di S COOH 
Qa 
[1] NaOEt [1] NaOEt H3O* 
CH2(COzEt)o > > - COOH 
[2] CH3CH2CH2Br [2] CH3CH2CH(CH3)CH2CH2Br A 
с. | (снснснсн,) CHCOOH 
Qa 
[1] NaOEt [1] NaOEt Њо“ 
CH4(CO,Et), Е = = (СНАСН;СН„СН;),СНСООН 


[2] CHsCH»CHsCH,Br — [2] СН;СН,СН,СН,Вг А 
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23.25 The reaction works best when the alkyl halide is 1? or CH3X, since this is an 532 reaction. 


SA a 
а. | (Снасјен„соон b. || od c. _(CHs)gC-COOH 
1 22 
(CH3)3CX AX . This compound has 3 СНз groups on the о 
3? alkyl halide < aryl halide carbon to the COOH. The malonic ester 
(too crowded) | p (leaving group on an synthesis can be used to prepare mono- and 
sp? hybridized C) disubstituted carboxylic acids only: RCH,COOH 


23.26 
2 [1] NaOEt 

а. б. 
сну ^CH;CO;Et рен 
[3] H9O*, A 


Aryl halides are unreactive 
іп 542 reactions. 


апа В>СНСООН, but not R3CCOOH. 


2 0 [1] NaOEt 
C b a 
е, . C. и C. 
M ОШО» Сну “СНО: то CHyCH,CHaBr ~ 949 09-0 
[3] NaOEt CH2CH2CH3 
[4] СЕНАСНА 
[5] НзО*, А 


23.27 Locate the a С. All alkyl groups on the © C come from alkyl halides, and the remainder of 
the molecule comes from ethyl acetoacetate. 


О 
| 


C. 
а. сну СОН» 


CH5CHs 


О 
ll 


Ge 
b. СНУ ~ ~CH\(CH,CHs)> 


23.28 


|| 
C. 
CH; "CH;CO;Et 


О 
9 [1] NaOEt H3O* i 
SRI SORE И ~ сну ^ "CH,CH;CH 
сна“ СОН; [2] СНаСЊВг A 3 ees 
a [1] NaOEt [1] NaOEt H3O* 
C... -COOEt - Eo. E 
сну СОН [2]CH,CHjBr [2]CH,CH;Br л СНУ ^ "CH(CH;CH3)? 
О 
| [1] NaOEt [1] NaOEt H3O* 
„С. -COOEt - - ч 
сна ССН; [2] CHaCHəBr [2] СНа(СН;)3Вг A 
NaOE О СОЕ 
Бр марас. | 2Et 
(2 equiv) СНз 
X 
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23.29 


9 [1] NaOEt me CY YS ж НзО* 
а. pon 
CH3% — 'CH;COsEt П x 6 СОЕ сно 
nabumetone 
CH30 


О 


-" [1] LDA, THF 
b. СНУ С goes. 
СНзО СНзО 


nabumetone 


23.30 Use the directions from Answer 23.1 to draw the enol tautomer(s). In cases where E and 2 
isomers can form, only one isomer is drawn. 


О OH О О OH О он О 
а. p E Dm dm gsm li „а 
unconjugated enol 


(less stable) 
+ 


23.31 
а О fe) b 
NaOH 
но УХ (Ham) < (CHg)5C 
Но 
А B C 
COCH; H © 
"TA enpo L7 6008 (снузс— ZZ coch, 
one axial and one equatorial Both groups are equatorial. Both groups are equatorial = cis. 
group, less stable more stable | . , . А 
Compound C will not isomerize since it 
This isomerization will occur since it makes already has the more stable arrangement 
a more stable compound. of substituents. 


23.32 Use the directions from Answer 23.1 to draw the enol tautomer(s). In cases where E and 
Z isomers can form, only one isomer is drawn. 


row со А рез о 
one 


conjugated enol Tai 


(more stable) (mono 2 form) conjugated enol 


Ре | E (more stable) 
b. О OH ду === 2 
ре == CAA 
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23.33 


О: cO: 0: :0: The ester С=О is resonance stabilized, and is therefore 


PT = = я less available for tautomerization. Since the carbonyl 
OCH;CHs Ое form of the ester group is stabilized by electron 


ethyl acetoacetate delocalization, less enol is present at equilibrium. 


23.34 


a. о C. OX TI 
OH 


23.35 
о 
CHo ове о о 
“(J | © | И CH с HO 
p" њо Ha hs ! H H 
He РА y Ha h.n 
H, is bonded to an sp? hybridized C - least acidic. | " Я бе 
а 


На is bonded to an о; С = intermediate acidity. 
Нь is bonded to an a С, and is adjacent 
to a benzene ring = most acidic. 


Н, is bonded to ап a C = 
least acidic. 

На is bonded to an a C, and is 
adjacent to a benzene ring = 
intermediate acidity. 


Нь is bonded to an sp? hybridized 
C = least acidic. 

Н, is bonded to an a. C = 
intermediate acidity. 

На is bonded to О = most acidic. 


Нь is bonded to ап a C between two 
С=0 groups = most acidic. 


23.36 
LDA = CN LDA CN 

а Еј: " O~ ema 

о О 

о О 
OCH LDA OCH = 

b. A У Rey А А COL LDA CLL 

fe) THF О ТНЕ 

О о 


23.37 Enol tautomers have OH groups that give a broad ОН absorption at 3600—3200 ст“, which 
could be detected readily in the IR. 
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23.38 
О О О 
— Removal of H, gives two 
Ha Hp remove Ha а He N Ho resonance structures. The 
- Ha — Н, negative charge is never on O. 
На Hp Hp Hp 
О О О O- 
8 5 N 
H H remove Нь H = H H 
a b a H, a Hp a Hp 
На Hp На На На 
Removal of H, gives three resonance structures. The negative 
charge is on O in one resonance structure, making the 
conjugate base more stable and H, more acidic (lower pK,). 
23.39 
О О HO О - | : А 
5,5-Dimethyl-1,3-cyclohexanedione exists predominantly 
in its enol form because the С=С of the enol is conjugated 
with the other С=О of the dicarbonyl compound. 
Conjugation stabilizes this enol. 
5,5-dimethyl-1,3- 
cyclohexanedione 
О О HO О The enol of 2,2-dimethyl-1,3-cyclohexanedione is not 
= conjugated with the other carbonyl group. In this way it 
resembles the enol of any other carbonyl compound, 
А and thus it is present in low c tration. 
2,2-dimethyl-1,3- prese ow concentration 
cyclohexanedione 
23.40 a. 


О OH 


HN N n ^s b " 
ЫРК м ibn ЭМ N — 


Led tg 
keto form enol form 
acyclovir 


In the enol form, the bicyclic ring system has four л bonds (eight л electrons) and a lone 
pair on М, for a total of 10 л electrons. This makes it aromatic by Hückel's rule. 


b. The keto form of acyclovir can also be drawn in a resonance form that gives it 10 x 
electrons, making it aromatic as well. 


C А :0: 
"SYN OH ps | D OH 
нәм“ ^N Тш ном“ SN Ta 
aromatic 


completely conjugated 
10 x electrons 
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23.41 
:0: :0: OF б: 
С... CH zo C cH Y C CH „ = Ca. _ CH 
CH; “Qo 3 сну 07 3 cH То 9 CH 707 ^ 
ester | 
The О atom of the ester OR group donates electron density by а resonance effect. The 
resulting resonance structure keeps a negative charge on the less electronegative C end 
of the enolate. This destabilizes the resonance hybrid of the conjugate base, and makes 
the о H's of the ester less acidic. 
0: б: OF 
C. = C. <> C. 
сна“ “СНз бн "CH, сн; “СНз 
no additional 
ketone resonance structures | 
This structure, which places a negative charge on the O 
atom, is the major contributor to the hybrid, stabilizing it, and 
making the о H's of the ketone more acidic. 
23.42 


O O 


AA 


2,4-pentanedione 
base (1 equiv) 


NULLUM base [1] СНА о о 
ШЕЛГЕ AA ое = но ^ peu 


~ (2° equiv) - equiv) 
A more nucleophilic site x 
One equivalent of base removes With a second equivalent of base a dianion is 
the most acidic proton between formed. Since the second enolate is less 
the two C=O's, to form A on resonance stabilized, it is more nucleophilic 
alkylation with CHI. and reacts first іп an alkylation with CHsI, 


forming B after protonation with H5O. 


23.43 The mechanism of acid-catalyzed halogenation consists of two parts: tautomerization of the 
carbonyl compound to the enol form and reaction of the enol with halogen. 


A higher percentage of the more stable enol is present. 
О снасоон OH он! О 
AS “чәч + pou „Ауу. 
2-репїапопе С=С has С=С һаз Br B 
1 bond to C 2 bonds to C 


major product formed 


more stable 
from the more stable enol 


(E and Z isomers) 
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23.44 • The mechanism of acid-catalyzed halogenation [Part (a)] consists of two parts: 
tautomerization of the carbonyl compound to the enol form and reaction of the enol with 
halogen. 

• [n the haloform reaction [Part (b)], the three H's of the CH; group are successively replaced 


by X, to form an intermediate that is oxidatively cleaved with base. 
:0: :0: 


:0: 
а и :O-H мб м. б-н A :0-H zi 
H 


AH „7н Bre 
а О | CP = вана 
А === С А О 


"e NEU | 
ОН Eo H 
Br | :Вг Вг 
H T НВг: : BE pow Вг 
О :О: OF О 
С А 
н H =H. Он ub og ‚н 
> C FN + 16 
b H У 5 | К г н 
-6; ^ Repeat 
:OH 3 
2 MO [1] and [2] 
two times. 
0: 
а 
:0: 20: о 
. Ан с°сь сь 
Di —— 07 + “Св -— Өг 
+ СН 30H 
23.45 Use the directions from Answer 23.24. 
а. | CH9OCH;|CH2COOH ===> СНзОСН»Вг а 
а в 2 | COOH = Тв 
' and 
bou Qs 
b. pu —> pu Br 
Ce H5 | COOH Ce Hg 
a 
23.46 
1] NaOEt H3O* 
а. |CH3CH,CH,CH,CH2/CH,COOH CH,(CO,Et)» MINA ~ — — CH$CH;CH;CH,CHSCH,COOH 
[2] H34CH;CH;CH;CH;Br = ^ 


Qa 


[1] NaOEt 1]NaOEt  H4O* 
СН СОБЕ „ШШ „че РК 
А COOH 


[2] CH.CH;CH;CH;CHBr [2] CHBr 


[1] NaOEt [1] NaoEt НзО* 
СН(СОЕ р е - —— COOH 
[2] (СНз)СНСН»СН»СН»СНЬВг [2] СНзВг 


В Си соон 


a 


~ 


a 
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23.47 
о о о о о о 
ДА [1] NaOEt [1] NaOEt 
459 О pjcHcHcHBr ~ `0 O^ 7 Прјенасњснвг 24A 
H3O* 
A 
од 
H 
О 
valproic acid 
23.48 
1] NaOEt НзО+ 
a. СН(СО Ей» | ыы { )—соон 
[2] BICH;CH;CH;CH;CH;Br A 
[3] NaOEt 
ь (coon Пан [1] LIAIH4 { )—сңон 
[2] НО 
(from a.) 
СНзОН 1] CHsMgBr (2 equi нз 
H5SO, [2] H2O m 
(from a.) 
H3CH5OH 1]LDA CH 
"a Greer { _)—соооңон, 1 As Н 
H2S0, р] Сны COOCH,CH, 
(from a.) 
23.49 
О о 
О [1] Nat -CH(COOEt); HO c. | [1] ма" “CH(COOEt), e 
а жы [2] H20 CH,CHCH,-CH(coOE), | CH& "CI [2] HO CHs~ ^ CH(COOE0; 
nucleophilic attack here 
о о Ри о 
_ [1] Ма* -СН(СООЕ?) _ HOCH,CH(COOEt d. |1 || [1] Na* -СН(СООЕ?) | 
b. CHa=0 но PM > сн Со Сењ, 12190 сну СН(СООЕЂ; 
+ CHCOOH 
23.50 Use the directions from Answer 23.27. 
? hg о [1] NaOEt ње" T 
a. Tue ae Gg PP [2] 2 А dE 
3 2 Br 
О | 
b 


9 [1] NaOEt [1] NaOEt HsO* 
C... .COOEt - - 
O сну ^CH; [2] СНАСНВг 12] bdo E 
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o * O [1] NaOEt H,0* о 
x сну ТОН; [2] g^ ^. ES 
О a 
d. | i з [1] NaOEt но“ 
ЈЕ 1 = > 
СНЕ СОНУ [2] ^ 
— ЧЕ 
[8] NaOEt 
23.51 
о О 
Т [1] NaOEt Кош И 
С. -COOEt pom 
а. сну Сон; [2] CHCH;Br А СНЕ СОН;ОН;ОН; 
9 [1] МаОЕ [1] NaOEt — Но" | 
С -COOEt а = Е $ 
D. сну СОН; []CHBr [2] CHBr ^ СНз” `СН(СНз) 
| LDA m сна ji 
C. NON —— C. 
C. сну ^CH(CHj? THF СН“ ^CH(CH3) CH3CH3^ ^CH(CH3) 
(from b.) 
0 KOC(CH3) I СНзІ il 
C A A eel Ou EL C 
d. CH% ^CH(CHg, (CHs)sCOH | сна“ (сну СНУ ~C(CHs)3 
(from b.) 
23.52 
о 


; О О 
а ар = р 
~ ia 2 [1] Bra, СНАСОЉН 
LiBr (E and Z) f. 


DMF [2] СОЗ, LiBr, DMF 


COOH О О 
т І (ехсеѕѕ) qe + CHI 
3 
-OH 


g 
COOH COOH 
ВА CH4CH; 
1 | = 
С. СНАСНСЊСОЕ —————————- CH,CH,CHCO,Et и сс Nan M 
2] CH3CH;I 


О 
Вг (CH,),CH NHCH(CHs)2 | Xe Bro = xe 
Br Br 
[9] О О 
[1] LDA 
Мат 
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23.53 


ПА TM [1] LDA ? 
ge € ду [2] сну а 
mem = co 
Ps 
23.54 


a O _ NaBH; _ ААЛ” шш [1] РВгз 222 * ПИРА _ LDA Ate? 
CH4OH [2] NaCN [2] 2] CHal 
p-isobutylbenzaldehyde 


НзО+ 
^ 


COOH 
ibuprofen 


21 2 [1] LDA Jg ee - [2] _ мены _ LO 
removal of the substitution 


most acidic H reaction 


Removal of the most acidic proton with LDA forms a carboxylate anion that reacts as a 
nucleophile with СН; to form an ester as substitution product. 


23.55 
CO2CH3 CO2CH3 
LA К-СОз 
CI oh sp? hybridized СА 


СІ оп sp? C does пої react. The N atom acts as a (racemic) 
hybridized C reacts nucleophile to displace СГ. 


H COOH н COOCH; н соосн; OC OC S isomer Mau AH 
b. Y CHOH AN LUC 3 
H5SO, pyridine inversion of 
a A el B ci c configuration 


Sy2 кон 
(single enantiomer) 
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23.56 
О О О О 
LDA KOC(CH3)s 
Br THE Br (СНз)зСОН 
—78 °С room temperature 
A B A С 
23.57 


о о 
" о О 
а. В E on + CO, gn ПЕВА 
COOH / [2] СНАСНД 


In order for decarboxylation to occur readily, ће COOH 


group must be bonded to the o C of another carbonyl LDA removes a H from the less substituted 
group. In this case, it is bonded to the В carbon. C, forming the kinetic enolate. This 
product is from the thermodynamic enolate, 
[1] NaOEt which gives substitution on the more 
b. СН (СОЕ); -—— — — — — (СНзСН»)зССН(СО Еф» substituted o C. 


[2] (CH3CH2)3CBr 


The 3° alkyl halide is too crowded to react with the 
strong nucleophile by an 512 mechanism. 


23.58 Protonation in Step [3] can occur from below (to re-form the R isomer) or from above to 
form the S isomer as shown. 


E^ „а 
" | 

d < 
:OH 
achiral enol 


о. 
UH 


R isomer NA + AD 
inactive enantiomer | [a] 
H 


S isomer 2) 


active enantiomer (+ one more resonance structure) 


23.59 
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23.60 


OEt 
#07 ) OEt О 
- 30 
AS + HOEt = 
:ÓEt 
ОЕ! 
:0: О о 
cot ње“ 'Q 9 d 
:0 OEt а OEt 
О :0 
+ HÓEt 
23.61 Protons on the y carbon of an а, B-unsaturated carbonyl compound are acidic because of 
resonance. 
There is no H on this C, so a planar 
enolate cannot form and this 

stereogenic center cannot change. 

: " Protonation of the 

de d Q без :9 p planar enolate can 9 E 
X e & бн Occur from below Y * H 
а wr е | NE (to re-form starting 
emove the Fon this ys Removal of this proton forms a maena, or from 
resonance-stabilized anion. ДИШЕ 
One resonance structure places 


a negative charge on O. 


:0 
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23.62 
LDA =B E 
:0: :0: :0: 
H (4) СвН5 = 
gh. voy. => уе Вг = Br 
C6H5 CeHs + Нв» 
:0: О 
A 
ANSE Aw m" 
Сене H а CH; 
О: КВ :О: А б 
н. = а ~ A n This reaction occurs 
Bet Br Bro | with both bases [LDA 
Сене CoH; Cds. x He Сен | and КОС(СНз)з]. 
+ Br 
О: о CeHs 
ОУ ^\ 
7 id = Вг nd + Br 
И СеН5 CeHs О: 
ТОС(СНэ)з + HOC(CHs)s 
23.63 


15 new C-C bond 


о OCH;CH; О OCH;CHs о OCH;CHs 
" " LDA | LDA 
THF 2 [2] ТНЕ 
/ H -78°C ~ = н -78 °С 
1 
Remove A m] CI ci [3] 
proton here. p + cl 


B Cl о OCH2CH3 


N С 
2nd new C-C bond 
+ о 
23.64 a. Since there are two C's bonded to the о carbon, there are two possible intramolecular 
alkylation reactions. 


Path [1] 
| ИВ ИВ 
—— Path [1] = 
О DN О о 
А two different halo 


ketones possible 
Path [2] 
Path [2] — > wk — С] 
Br О 


Br О 
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Substitution Reactions of Carbonyl Compounds at the а Carbon 23-23 


Form both bonds to the о: carbon 
during acetoacetic ester synthesis. 


| 
Dd 


О СОЕ 
d [1] NaOEt NaOEt e. 
сэ Br нос | 
[2] ? О 


Вг 


23.65 
О 
и Cl Н2МС(СНз)з МНС(СНз)з 
Ы H20, НСІ 
COCHs; OH, Io CHO COOH 
b. "excess" 
+ CHI} 
OH 
Mh [1] LDA, THF Я] ШАНА _ 
C. 
[2] СНЭСН»СНЬВг [HO ^ 
О 
SES. p 
d Cy NLDA, THF, m M 
ПАНОВ — CHCOOH Br LiBr 
DMF 
23.66 
О О 
Вг ^ NaOCH; OCH, 
Or 
DILDA, THE LDA, THF [1] ШАН, a 
[2] [2] CHÉ-CHCH;Br- СНСНоВг [2] H2O 
[] LDA, THF [1] LDA, THF 
i [2] CHgBr [2] CH,CH,Br 
CH34CH;Br 
[1] Li (2 equiv) 
[2] Cul (0.5 equiv) 
d. Г LigCOs [1] (СНАСН;)2Сиц 
LiBr [2] HO 
DMF 


(from a.) 
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О 
[1] LDA, THE [1] LDA, THE Н2СОз Ф707 
ROO Br “взг” 
[2] CHSCH;Br [2] MN, Br DMF 
[1] KOC(CHg)s pn Li,CO3 
[2] CH3CH?Br и DMIF 
(from e.) 
23.67 
О О О 
O gh Clo Bro 
АС FeCl, CH34CO;H Br 
а! CI 
НМС(СНз)з 
О 
NHC(CH3)5 
CI 
bupropion 
23.68 
NaCN [1] LDA 
Br Br (2 equiv) NC CN [2] СНА NC CN 
(4 equiv each) 
Ne Br? 
HNZ hv 
NaH 
NAN CHBr 
м7 Nx 
| 
“NEY 
NC CN 
NC CN 
anastrozole 
23.69 
pu" А py Jl | IN oF 
РВг 1] NaOEt 
| А з в. coo . COOEt 
PW go 
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Substitution Reactions of Carbonyl Compounds at the о Carbon 23-25 


о о [9] о О 
b _Д „соок! 0808, A= H30* pu HOCH;CH;OH p 
| [2] HC=CCH,Br А TsOH 
COOEt | [1] NaH 
[2] СНзІ 
HUS He оо 
Lindlar catalyst РС сн: 


23.70 
о 
— а = - A- 
cn coor | NH, (excess) 
CH3CH;$Br NHCHCH; 
| вг, 
СНАСЊОН 
0 Со | мавн он 
2003 4 
b. — < SX 
y~ LiBr МА сњон o 
Br DMF 
(from a.) 
B 
Жее 
РеВгз 
| Li (2 equiv) 
8 [2] Cul (0.5 equiv) о 
0 07 [1 (CeHs)aCuLi A 
[2] HO Сена 
(from b.) 
SOCL 
_ _ г CHOH 
а сн,вг 57 ( сн, © 
| V / TU xXx з С АСВ 


[1] Li (2 equiv) 
[2] Cul (0.5 equiv) 
OH 


О О 
[1] (CseHsCH3)>CuLi Мавн 
sA deu Лак Cio O 220. р PT 
CH30H 


2] ЊО 
(from b.) d 
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23.71 


о о о 
LDA CH4CH4I 
© TR (^ 
_>7а о 
но А ае сн,сн,о 


most acidic Н 


To synthesize the desired product, a protecting group is needed: 


о О О 
С] TBDMS-CI LDA 
© imidazole O THF Ф = 
HO A TBDMSO TBDMSO 


| Cera 
о 
О 
A (CH4CH;CH;CH;)4N*F- 
T © 
B TBDMSO 
23.72 
CH,(COOEt)> 
| NaOEt 
ewe о Ler тоңсо Д д cricooen, 

on 

= РРА 

| —— 
4 E p^ COOH 
Y О 
23.73 
О О 
н. H 
m Ү = (CHa). 2^4 
4 


T Be PUN [1] CHgLi Aw Ha Hp CH;CH2CHs7- Не 
[2] СНА | СТАО one degree of unsaturation 
Y IR peak at 1713 cm! > C=O 
'H NMR signals at (ppm) 

Не: triplet at 0.8 (3 H) 
На: doublet at 0.9 (6 H) 
Ha: sextet at 1.4 (2 H) 
Не triplet at 1.9 (2 H) 
Hi: septet at 2.1 (1 H) 
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Substitution Reactions of Carbonyl Compounds at the o. Carbon 23-27 


Y +r a 


23.74 Removal of H, with base does not generate an anion that can delocalize onto the carbonyl О 
atom, whereas removal of Hy generates an enolate that is delocalized оп О. 


COCH; сосн; COCH; 


Delocalization of this sort can't occur by 
removal of H4, making Н, less acidic. 


47 
H H B H 
о | Horn 
На "t 
нь, CB 
Хн CO;CHs СО;СНа СО>СНз CO2CH3 
< = 
Removal of Hj gives an anion 
< that is resonance stabilized so 
Н М à _ Е Нь is more acidic. 
о О О :0: 
Mechanism: 
Й согсн, OCH COCH; COCH; CO4CHs 
А = 
~ 
| Y BSN 4 
r 
џ i MS md О i + Br 
+ СНОН : 
" COCH; 
COCH; 
| S 
2 Ж 
iom PN 
gi | um 
СО;СНа CO;CHs 
Е 
зон + 2 a | 2 
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23.75 


iR T С :Он :Он OH OH 
li oso, (9 (3 1,2-shift H 
T a 1 4 —— 


23.76 


б: OCH;CH CH OCH,CH 
сн, OCH,CH3 H,0* do OCH,CH3 cH, => 2213 3 oU Hs 
— => 
+ HQ + HQ i: 


+ HO 
NR. 
+ НО | 
H-OH 
ou / №59 2 
CH CH3 CH3 OCH2CH3 
с Sa Senon 3 QCH,CH; P ен; 
= hs 
+ H20 Ы н.о 
БЛ ун но 0: 
2+ z 
Еб + над“ 
—À SS 
+ HOCH,CH, 
23.77 
о: :0: :0: :0: :0: p ^ 
D вх 
"REM eo Ф -— I m > 
5 А s E " H 
E е H NH; 
proton 
ог transfer 
Сту T " 
О: H-NH, сон :ÓH 
sy 
E pe R 
. yr x= 
7) + 
"E 


МН» 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


673 


Substitution Reactions of Carbonyl Compounds at the а Carbon 23-29 


23.78 a.In the presence of base an achiral enolate that can be protonated from both sides 15 formed 


CHs | 


(-)-пуозсуатте 


achiral 
A 


racemic mixture 
optically inactive 


b. The enolate A formed from (—)-hyoscyamine is conjugated with the benzene ring, making 


it easier to form. The enolate B formed from (—)-littorine is not conjugated, so it is less 
readily formed. 


CH CH 
8-N 8-N 


iQ: | 
(-)-littorine NOT conjugated 
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Carbonyl Condensation Reactions 24—1 


Chapter 24 Carbonyl Condensation Reactions 


Chapter Review 


The four major carbonyl condensation reactions 


Reaction type Reaction 
. О 
[1] Aldol reaction 2 o -он ОР -OH нон; сно 
(24.1) АСНУ ^H "P RCH?-C— CHCHO с=с, 
2 H R H,O+ H R 
Е В-ћудгоху carbonyl (Е апа 2) 
(or ketone) compound a.,B-unsaturated 
carbonyl compound 
[2] Claisen reaction 2 i [1] NaOR' О О 
(245) RCHZ "OR' — mino: вену "cu "on 
ester А 
p-keto ester 
[3] Michael reaction о ? опо њо ДД 
+ 
(24.8) АД JA. -OH R 
o, p-unsaturated carbonyl 1,5-dicarbonyl compound 
carbonyl compound compound 
27 
[4] Robinson L 5 I -OH 
annulation (24.9) О О H20 о 
o, B-unsaturated carbonyl 2-cyclohexenone 
carbonyl compound compound 


Useful variations 
[1] Directed aldol reaction (24.3) 
О 9 
H [1] LDA HO о -он R СА" 
RCH CR"  piRcHO ux os, or е. 
В" = Н or alkyl [3] H20 т н Но“ ja А 


В-ћудгоху carbonyl (E and Z) 
compound o, -unsaturated 
carbonyl compound 
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[2] Intramolecular aldol reaction (24.4) 


[a] With 1,4-dicarbonyl compounds: o О 


[b] With 1,5-dicarbonyl compounds: О 


[3] Dieckmann reaction (24.7) 


[a] With 1,6-diesters: OEt O о 
| 
1]N 
О [1] NaOEt Cy on 
о [2] H30* 
OEt 
[b] With 1,7-diesters: OEt о о 
о о тон Сон 
[2] H30* 
OEt 


Practice Test on Chapter Review 


1. a. Which compounds are possible Michael acceptors? 


је e з. < 
YY dab d 
" 4. Both compounds [1] and [2] are Michael acceptors. 
E OEt 
e 5. Compounds [1], [2], and [3] are all Michael acceptors. 


b. Which of the following compounds can be formed by an aldol reaction? 


О 
№ оңо SU BHO 3. uo, ДУ 
о 4. Both [1] and [2] can be formed by aldol reaction. 


2 ДУ 
OH 


5. Compounds [1], [2], and [3] can all be formed by aldol reaction. 
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Carbonyl Condensation Reactions 24—3 


c. Which compounds can be formed in a Robinson annulation? 


о [e 


sch 


FE 4. Compounds [1] and [2] can be formed by Robinson annulation. 


5. Compounds [1], [2], and [3] can be formed by Robinson annulation. 


d. What compounds can be used to form A by a condensation reaction? 


о О О О 
СО»Е! CHO 
1 апа Cy 3. and Cy 
A o o 
А ceo 4. Compounds [1] and [2] can be used to form A. 
5. Compounds [1], [2], and [3] can be used to form A. 
2. Give the reagents required for each step. 


О О О О 
C (а) Aan _® Бр 07 
НН — “HO 


(c) 


О О 
О О 
Au бүз „АА, 
EtO 
О О 


3. Draw the organic products formed in the following reactions. 


о 
о 
NaOEt 
a. [1] LDA c 
| и 
о [2] CH.CH,CHO AZ , EtOH 


[3] H20 О 


E 1] NaOEt, EtOH ui EHE 
+ "eg LH NADEL EtOH | d. * 
[2] H4O* 
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4. a. What organic starting materials are needed to synthesize D by a Robinson annulation reaction? 


О 


QO — 
COCH; 
D 


b. What organic starting materials are needed to synthesize B-keto ester B by a Dieckmann reaction? 


pem 4 
СОБЕ! 


c. What starting materials are needed to synthesize A by ап aldol reaction? 
О 
20 = 
А 


Answers to Practice Test 


l.a.4 3. 4. 

b.2 о OH О 

ү а. s dd a. po + о 
2.a. [1] Оз; [2] (СНз)25 о be 

b. СтОз, Н,804, ЊО b 

с. СЊСЊОН, H2SO4 | сно b. (е) 

d. [1] NaOEt, EtOH; CO,Et 

[2] НзО* о d 
e. [1] LDA; [2] СНА | Фа 
о o 9 
О 


.- 
4 
C 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 679 


Carbonyl Condensation Reactions 24—5 


Chapter 24: Answers to Problems 


24.1 


— | о н о 
C. - - 
а. Cy ве oig o CH;-6-CH;-C-CH; 
CH, 


OH O 
О. 
О 
HO C(CHs)s HO 
| 
b. (СНз):ССНСНО (CH3,CCH,C—C- CHO d. — 
H H 
24.2 
О 
CHO о 0 CHO 
a. b. c. C d. Cz e. N 
Cy | (сна) с“ ^H (CHa)gC~ ^ CH, em 
aH | 
no aH no aH aH 
no aldol reaction yes no aldol reaction yes yes 
24.3 
[9] О 
а. О base ( у gH base pee 
с. == 2 
HO 
HO CHO CHO 
base == 
(E and 2 isomers) 
24.4 
og oe OH, H H 
: О + ОН; О О m 
esi | | + | HSO 7 
CH,-6-6-C CH,-6—6-C сњ-с-6с-@ 4 —+ CH,CH-CH-C 
HH H H H H H H H H 
Е КА + Н504 
+ HSO, + H20: 


24.5 Locate the o and В C's to ће carbonyl group, and break the molecule into two halves at this 
bond. The а, С and all of the atoms bonded to it belong to one carbonyl component. The В C 
and all of the atoms bonded to it belong to the other carbonyl component. 
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24.6 
- Re 
= n -HOH 
(С ©, С 
H H H em He ) 
PD -H — PS „Н ou — 
С T na 
:0: :0: 
+ н;О: | 
ОН ‘OH 
H-C H-C 
+ ТОН a —— - P" 
CHO C-H ZI~C—H 
Е ДА. на 
+ Њо: :0: [o 
70H 
24.7 
a 


о 
CHO CHO b. CeHsCHO 
CH,CH,CH,CHO and СНО —- dd or dii Н 
он 


— 


3. 
24.8 


СО;Е! 


н E H H 
CO,Et 
a. о CH4(CO;Et), c. Ó  CH&COCH,CN | 
а - NC~ “сосн, 
COCH; 


(E and Z isomers) 
H Z 
b. СУТ CH,(COCHs)> pre сосн» 
о — a 


(E and Z isomers) 


24.9 
- CHO — 
2 она ть OH 
HO СНОН 
он он 
сно сно 
„сон ИД Мом 
(Е and Z mixture) [2] НО 
CHO 
NaBH 
EP ee cuo CHSCH4CH;CH- C(CH;CHs)CH;OH 
(from b.) У 
сно 
1] СНамов 
P № НЕ 357. CH,CH,CHCH-C(CH;CHCH(CHOH 
(from b.) í 
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Carbonyl Condensation Reactions 24—7 


24.10 Find the o and В C's to the carbonyl group and break the bond between them. 
о OH 


de от Ay. 
Dc “aO 


24.11 


СНзО 
о O IG M O 
СНО СНзО donepezil 


24.12 АП enolates have a second resonance structure with a negative charge on О. 


:0: :0: (C - 


:0: OF 
DH — ~ НО + EtOH 
Е EtOH 
H H 


EtG: 7 | 
A oc H Кон 
a Ба б 57] ОН 6. € OH О 
+ == ——— - 
on + ЕЮ UH 
+ EtOH 
24.13 
О О О 
E b д. Он 
Ё сно ЊО | H20 
24.14 


[1] Оз CHO | OH C 
ik, es 0 О 
bs [2] (СНа)25 Y^ H20 
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24.15 Join the а C of one ester to the carbonyl C of the other ester to form the В-Кею ester. 
ОО к 
а. Z y b. о, 
OCH; 9 осн, | OCH;CHs; Ed 
| @ " O^ "OCH;CHs 
а 


24.16 Ina crossed Claisen reaction between an ester and a ketone, the enolate is formed from the 
ketone, and the product is a B-dicarbonyl compound. 


о о 


a. СН:СН,СОЕЇ and HCO;5Et — «^p on 


Only this compound 


can form an enolate. 
Papa PED „ОЕ! 
b. СОБЕ: and HCO;Et С 


Only this compound 
can form an enolate. 


О О 
с. апа ^ 
c. А СНз cH, он PN 


The ketone 
forms the enolate. 


d. О o 
ост o 


The ketone 
forms the enolate. 


24.17 А B-dicarbonyl compound like avobenzone is prepared by a crossed Claisen reaction 


between a ketone and an ester. 
О 
ome 
5 сно 
А ог 
О 
Break the molecule о 
into two components 
at either dashed line. сно 


avobenzone 


[ө] 
5 
С(СНз)з 
О 
С(СНз)з 


СНз 
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24.18 
О О О 
[1] NaOEt он | Q [1] NaOEt и 
а C — M 
2 [2] (EtO);C2O CgHsCH,~ ~OEt [2] СІСО,Еї ^OEt 
EtO о 
24.19 
О О 
CO,Et == )-ов — | 
[1] NaOEt [1] NaOEt CH 
XV / I X / 4 
[2] (ЕЇО)»С=О | =O СНУ | =O 
A EtO B EtO 
H30* 
A 
COsH 
ibuprofen 
24.20 
О О o o О 
ОЕ! 5 
EO ОЕ + ЕЮ 
О 
24.21 A Michael acceptor is an o, B-unsaturated carbonyl compound. 
О O О О 
а b. p с. а. Ди 
а PD EN Aw, CH,O Ж 
o, B-unsaturated not o, -unsaturated not o, p-unsaturated o, -unsaturated 
yes—Michael acceptor yes—Michael acceptor 
24.22 
о 
CH5-CHCO;Et i писа i C 
a. = + " 
| - сну ^ ^CH;CO,Et — [2] H2O сна“ OEt 


b. II + CH&(CO;E), _ 11 NaOEt 
О [2] HO О 


EtO.C~ ~CO,Et 


9 i [1] NaOEt О CN 
Ё + сну осњесм [2] H2O 
сњ 
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24.23 


24.24 The Robinson annulation forms a six-membered ring and three new carbon-carbon bonds: 


two с bonds and one л bond. 
new C-C bond 


| о 
+ До ечен. re-draw _ _ СНзСН»О` _ 
~CH3CH>OH | 


new o and x bonds 


new C-C bond 
oe or re-draw бф CH,CH,O- 
сњењон | 


new o and л bonds 


new | ропа 


О О 
" re-draw CH3CH207 
= CHCH,O ECO 
О О 


new с Jl п bonds 
new С-С bond 
Lh г FIOOC [coot 
DOE e-draw _ -draw _CH3CH207 
А 
new с and x bonds 
24.25 


он ОО coupe 


тү нов 
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24.26 
о o о 
- -OH 
ОН H5CH ~ 
а. (CH3CH>)2C=O + СН›=О "EROS v^ b. A + CgHsCHO H;O 
or 
о (E апа Z isomers) 
OH 
24.27 
CHO 
[1] Os CHO  NaOEt 
[2] (СНз)2$ CHO EtOH 
А в 


24.28 The product of an aldol reaction is a B-hydroxy carbonyl compound or an 0, B-unsaturated 


carbonyl compound. The o. .-unsaturated carbonyl compound is drawn as product unless 
elimination of H20 cannot form a conjugated system. 


т CHO 
“OH -OH ~ 
а. (СНз)>СНСНО only (CH3)2CHCHC(CHs3)2 C. CgH;CHO + CH4CH;CH;CHO 
H20 | H20 
CHO 
(E and Z isomers) 
= СНз О 
Он | -OH 
b. (СНз)>СНСНО + СН»=0 но” CHs-C-CHO d. (CH3CH3);C-O only г 
? CHOH НгО 
24.29 
HO 
о CHO OH 
H OH 
ГУТ + на + CHO, | Pes 
H H 
Ы CHO ChQ 
24.30 
о 
0 [1] LDA OH о Г [1] LDA ч an Ф 
а. — BE b. сени ов - 
сн; ^он, [2] снзснгсн,сно  СИзСНСН» pe Bene Bo ok и сн, О 
[3] НгО d CY сно 0 
[3] HO p 
24.31 
О 
О О 


9 рее“ d 


і CHO 


a. ub dis 
О 


D. онс — сю 
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24.32 Locate the о and В C's to the carbonyl group, and break the molecule into two halves at this 
bond. The о C and all of the atoms bonded to it belong to one carbonyl component. The В C 
and all the atoms bonded to it belong to the other carbonyl component. 


о po xac б CHs 
о OH э? B ; 
a. Ав b. ане с. а. "E CH--CHCN 
| ~ | | a Cp | | 
о Сена Ва 


СН 


a 
о о о оо ү з 
+ +CHs=O + CH3CN 
p nm Peu Сен: n Goto СН5 CHO 


CHO ко 
(СНз)>С=0 X 
NaOEt 
CH,O NaOFt оно x 


24.34 Base removes the most acidic proton between the two C=O’s in B. This enolate reacts with 
the aldehyde in A to form a product that loses H20. 


Form enolate here. 


О | H он 
— HO 
— )—( + Pies base F 7120 _ 
/ H о СОБЕ СОБЕ 
B 
(E and Z isomers can form.) 
24.35 
О О O 
О 
а. b. C. d. 
HO 
О 
О 
ol о во | | 
P NA H О 
H СНз СНз 
H 
О 
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24.36 Ozonolysis cleaves the С=С, and base catalyzes an intramolecular aldol reaction. 


o о 
[1] Оз Маон 
[2] (СНз)25 H20 
Oc D 
C49H440 


24.37 Aldolreactions proceed via resonance-stabilized enolates. K can form an enolate that allows 
for delocalization of the negative charge on O. Delocalization is not possible in J, because a 
double bond would be placed at a bridgehead carbon, which is geometrically impossible. 


Bond angles 
from K from J don't allow this. 
24.38 
о о 
а. CgHsCHsCH2CHsCOoEt > — +t CgHsCH2CHsCHs OEt 
CH2CH2CgHs 


b. (СНз) СНСНСН,СНСОЕї ——> eee и т 


CHsCHsCH(CHs)o 
CH4O 


с. сњо—(_ снов => 


24.39 


СНАСНСНЊСНЊСОЉЕ + CHgCH,CO>Et 


кољена 
а 
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24.40 


о о 
. CH3CH Et + (Et = 
a. СНАСН„СЊСОЉЕ! + СЕНЕСОЉЕ о а аса а o^ Сов 
с 
о 


О О 
Des Е са 


24.41 
О О 
СНО Ten e: qum VD = 
а. 
О О 
07 ^OEt (ЕТЇО)»С=О 


CH30 + х ог 
OEt EtO О 


+ 
Уу os CH3CHO 


Сен OEt C.H 
b. dio а ui emm dios * bd S d. CeH&CH(COOE), ——> 


о о o iS о О 


Сень е t ВЕ 


24.42 Only esters with two H's ог three H's on ће & carbon form enolates that undergo Claisen 
reaction to form resonance-stabilized enolates of the product B-keto ester. Thus, the enolate 
forms on the CH» a to one ester carbonyl, and cyclization yields a five-membered ring. 


b. CH3CH2CH2CO2Et + (СНз)>С=О 


c. EtO;CC(CH4),CH;CH;CH;CO,Et 


This is the only o carbon with 2 H's. 


О 
OCH; _NaOCH; OCH, [1] nucleophilic attack 
CHO Lee 
О CH30H [2] loss of CH307 
CH30 О [3] deprotonation 
B 
СНОС COCH  Нз0* _ CH302C CO2CH3 
H 
О N P О: 
acidic Н between 2 С=О' highly resonance-stabilized enolate 


Formation of this enolate drives 
the reaction to completion. 
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24.43 
n ? OEt, EtOH 0 ? 
-OEt, Et 
a. Ag + ND M Em AA моон 
СНБ 
О О 
b. + CH,(CN)> ОБ EtOH _ 
CN 
CN 
24.44 
О О О О о ? 
a b. C d 
| E CN 
| О o СОЕ! о CO;Et 
СОБЕ 
АДА + вос. ДО o ces || о ) ? 


сене“ “СОБЕ 
24.45 
о о 
а. 5 H Z = 
ом и Yr Michael 
CH; O reaction О 
А 
(E ог 2 isomer 
can be used.) 
О 
b yp ње ~ 
H ‘OH 
О 
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24.46 
О О 
iC mes Ch 
a. * H2O 
О о 2 О 
О О E 
* re-draw "ОН 
b. A Ceh 77 077 ae 3 HO РОК 
О O CgHs [9) СЕН 
[9] 
о -OH 
о О Е о 
[9] 
О 
re-draw “ -OH 
d. + HO 
О О 2 О 


24.48 
CH3CH,CH,CHO 
_ CH&4CH;CH, CHO 
a. (E and Z) 
Но H CHCH; 
CHO 
-OH / 
b. = CH= 
CH22O, НО CH»CH3 
CHO 
c. [1]LDA YN 
[2] СНАСНО; [3] H2O iu 
СНЭСН»СН»__Н 
d. | CH4(CO;Ef); | 
NaOEt, EtOH EtO;C CO,Et 
OH 
e. [1] CHsLi 
[2] H2O 
Е МВ. снасњењењон 
CHOH 


ео 


ф-ка 


CH3CH»CH»CH,OH 
Pd-C PA 
НОСЊСНОН оо 
ТОН LN. 
CH4CH,CH CH 
CH4NH; adis CK ? 
mild acid н 
CH4),NH 
roe т СНаСН»СН=СНМСН.> 
mild aci 
(E and Z) 
C'Os | CH4CH;CH;COOH 
HSO; © 
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PhaP=cH, C SC 2СН tg [1] LDA; [2] СНЫ I 
gF-Ch5 с=ењ, n. NaCN, HCI CH&CH;CH;-C—H Quo mul I m 
H CN 
24.49 
о O o [1] LDA NT 
-OH = e. pon ma ч © 
а. сн/ бон [2] CHCH,CHO 
но 
[3] ЊО СоНь 
о О О 
NaOEt, EtOH СН». 7 шш 
b. d | CT * d d CHOH 
(СНз)>С=О о p ° - О 


О 
СМ CHO EN 
c. NCCH,CO,Et _NAOEt EtOH = 5 (CO o Сена 
СОЕ! сен (Е апа 2) 
d. Ба , 9 o #50, CHCO2Et [1] NaOEt, EtOH 
CHO сн; „С o h. О 


8 CH, HO 
(E and Z) O CH;CO,Et [2] H30* 
OEt 
(0) 
24.50 
о - R o 
e [1] aoe A cos [1] Тебе! oe H,0* Cu B 
d үс ш [2] СНзСН»1 СО A ТИТ C 
[2] H2O 
G | [1]LDA Е [1]LDA Е HSO, 
[2] СНСЊСНО Шү 
[3] H20, ia | 
169 product 


M Ha рас HILDA о © 
(1 equiv) E [2] HCO;Et Ax 
ea. [3] 440“ 


J [1]Os 
О [2] (СНз)2$ 


S 
Cor 
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О [1] Оз О NaOH | —O 
L [2] (CH3)2S ka H EtOH L 
О ix B О 
О OH 


A Form the enolate here to 
Н generate a five-membered new С-С bond 
ring in the product. 


24.51 


The RCHO has the more 
accessible carbonyl. 


24.52 
:0: :0: О; нн :0: HH :0: " О: 
н. 6, UL нб EE EM EET oC... J) арб 0, d iT 
CS DH C^ NH Нун 107 7C" 7H HO^ ^C^ ^H nm 
H H Н н H н\н HOCH, Сн„Он 
= 2- 
co, + HCO, н-Сосо; | | Ted 


Repeat steps [1]-[3] with these 
two H's and СО;2-. 
24.53 Enolate A is more substituted (and more stable) than either of the other two possible enolates and 
attacks an aldehyde carbonyl group, which is sterically less hindered than a ketone carbonyl. The 
resulting ring size (five-membered) is also quite stable. That is why 1-acetylcyclopentene is the 


major product. 
О: 
= H—OH ОН 
H он т он / „он 
e x О eH О О: us 
H H :0: Ин А о: ES + Но 
ie most stable enolate } 
ТОН less hindered carbonyl | 

ба но P 

[SX + 10H 

1-acetylcyclopentene 

major product 
:0: H ( d :0: H От H—OH :OH TOH Сан 
A ын PN va и“ eH :0: :О: 
———— Кз = 

50: B 10: H H H., 

| + НО 

The more hindered ketone | z 

carbonyl makes nucleophilic 

attack more difficult. ОНО... 
ТОН 


+ но кл 
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ji (Tx ( + њо 
те ун m He pn = 59 
е == .. oo os 
C H Hor H 0% о о о 
тӧн — 
7 These two reacting functional groups о | 
с are farther away than the reacting 
less stable enolate groups in the first two reactions, 
E. making it harder for them to find each -ÖH 
+ њо other. Also, the product contains a TO 


less stable seven-membered ring. 


24.54 


COOCH; 


24.55 Removal of a proton from CH3NO» forms an anion for which three resonance structures сап 


be drawn. 
:0: = Б :07 Е OF 
HOCH, -N cH LN — = == нм 

S :0: :0: О: 
Бед 

:0: | МОХНСӨн . ~ 

> = X М É - t Mi ‘OH :ОН 
оне н њм —— Сень-6-СН—МО — * CeHs-C-GH-NO, — CeHs- CH-NO2 — CoHsCH=CHNOz 

HS H H H H + ТОН 


677 + H20 
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24.56 All enolates have a second resonance structure with a negative charge on О. 


+ H-ÓH 


24.57 Et3N reacts with phenylacetic acid to form a carboxylate anion that acts as a nucleophile to 
displace Br, forming Y. Then an intramolecular crossed-Claisen reaction yields rofecoxib. 


О 
— O. 20 
CO;H EN CO» x 
( )— Е ~ 
5л2 СН;80; H 
I 
phenylacetic acid + Et9NH Y x 
ЕЛ 
О 


ргоїоп 
Source 


СНз502 C H—A + 


м 
| Сон © *-OH 
vA + CH3SO; 


rofecoxib 
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24.58 Polymerization occurs by repeated Michael reactions. 
B: 


C 


B 
ESI ERES О О 
О О О О 
О О О 


Repeat step [2]. 


new C-C bonds 


polytulipalin 


Мо: 
UN 
9-0% 
:0: 
ы + CHCOOH 
C * Он 
coumarin 
24.60 
C6 ae e за = 
; ЕЮ: :O: 
9:7) OEt CUL) 
S^ CO,Et | NEN X ЧИ 
8e н = + EtOH ЕО | O OEt 
Сї 2,4-hexadienoate | diethyl m 5 | 
lethyl Oxalate Hor 
Бој ZU Dope СОЖ! 
Е EtO4C SS 
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b. The protons on Сб are more acidic than other sp? hybridized С-Н bonds because a highly 
resonance-stabilized carbanion is formed when a proton is removed. One resonance 
structure places a negative charge on the carbonyl O atom. This makes the protons on C6 
similar in acidity to the о H's to a carbonyl. 

c. This is a crossed Claisen because it involves the enolate of a conjugated ester reacting 
with the carbonyl group of a second ester. 


24.61 
О о 
код H,O 
ms = сн 
а. | CgHsCHO 675 
М2 
о О О О 
"OH, H 
is Е x cr PCC CHO HCO,Et 
А Н;С= 5 
| OEt, CH3CH2OH 
o О О 
PN ОН, H2O 
C. 
~ ДА 
Su 
о О ОН 
д [1] LDA, THF [1] ЈАН, 
[2] CH.CH;CH;CH;Br | 2] HO 


or 


[1] LDA, THF rum 
[2] CHCH;CH;CHO _ Б С 
[3] ЊО, -OH 


(E and 2 isomers) 


OH 
2 2 (excess) 
ec Ow СУ UC 


o 
[9] 
О 


24.62 
о о 
a [1] Br, CHCOOH _ [1] NaOEt о њо О 
[2] LisCOg, LiBr, DMF о о A 
AA OEt COOEt 
[2] H2O 


an 


2] H 


27 
P L -он, HO pee [1] (CH); CuLi 
о © 
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Carbonyl Condensation Reactions 24—23 


24.63 
0 o Он 
A [1] LDA 
a. 
[2] CH.CH;CHO 
[3] HzO 
| Poo 
oon 
? o 9 o 0 
" A [1] LDA [1] NaOEt 
| [2] CH,CO,Et [2] СЊВг 
“Сон 
H2SO4 РВгз 
o CH3OH 
CrO3 3 
Pa ——— 
OH Ho, on 
но 
iS) о он Э 
| oe 21 p bows 
| soc | ecc unstable | а и 
Fu [1] Ви», hv HO 
ИТИ [2] "ОН | ва 
| он o А 
‚(Су тонын СС мю (~ па. { аю оне. 
Аиво 12] (CHa)aS | 
Mg major 
CH3OH CH3Br product 
24.64 
_ 01] Naoet | xt [t] NaOEt 
uud dd руно — HO" | CO Et B Сэ» CO,Et 
| ees, 
он 
po 
0] Мави [ШЕЕ 
COĻEt Coe: на" 
О 
ian 


Снн + SOCh— 


[1] mom АСВ 
Во —— Bro, hv 
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di d , 5 es [1] NaOEt Beds ate 
О [2] H3O* О о 
А 
АСЊ 
[o 
PEE 
А 
SOCI, 
О CrOs 
2 “Он 
OH H;SO, 
НО 
24.65 
CHO CO. _ соон “он CO;Et [1] NaOEt_ CO,Et 
a aes CHO E COOH | H5SO, CO;Et [2] ЕТИ 
[1] NaOEt 
[2] СНАГ 


24.66 


О 
coe 
a. 
CH;0 


octinoxate 


СОЕ 


O” 
CH30 
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Carbonyl Condensation Reactions 24—25 


Б Jo [1] NaH Jo Bro C [1] Mg С 
HO [2] CHCI — сњо сњо [2] H2 сно 


5$ОСЬ (+ ortho isomer) PER 
CH,OH ЧАВА “ 
О 
О 
ка + HO #50, A die 
о + 
сто, CH30 
H5SO,, H2O | нњо 
- J 
HOW ~ m Е | 
2 NaOR, ВОН 
BrMg [1] PBrz HO 
TT [2] Mg ҮТ осїїпохаїе 
|њо 
Ох ON + Bmg ~ _Mg Br v 
PCC 
| | РВгз 
24.67 
о 
О 
г 0 base E 
a. ЕЮ d. + 
О o Ө 9 о Two products 
А А are possible. 
о base 
b. > d Бо ci "и + i 
О о © 
о à о o О О OH о О OH 


А [1] NaOEt " a E 
у [2] СНА = 


conjugated tautomers favored 
р [1] HCO;Et [2] НзО* CHO 
NaOEt, EtOH 
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ane 
чт = NaOEt, EtOH 
Г 
70: OEt H—OEt 
ос 2,8 А A Or ui О of О 
с. “= у 5 
: + — HCOEt 
+ тон 
H- “OH, 
О 
уюң 
Он lou ШО 
+ но 
H- -Öre 
ан ~ 
њо 
Ju 
H20 
В-ћудгоху Ж á * HÖ 


E 
E just + H,0* 
= iO: 


This reaction is an acid-catalyzed aldol that proceeds by way of enols not enolates. The B-hydroxy 
ketone initially formed cannot dehydrate to form an o, B-unsaturated carbonyl because there is no Н 
on the & carbon. Thus, dehydration occurs, but the resulting C=C is not conjugated with the C=O. 


* T RS 


О MC па sii 
Н -— — —- This Н is now more acidic because it is located between two carbonyl 
e. CHO groups. As а result, it is the most readily removed proton for the Michael 
reaction in the next step. 
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24.69 


Carbonyl Condensation Reactions 24—27 


Аг 
OCH;Ph 
О 
Аг 
ono AS 
ЕЯ 
05 
SOcH,4° 
F 


24.70 Rearrangement generates a highly resonance-stabilized enolate between two carbonyl groups. 


:QEt 
с! К ОЕ! :О: 


OCH,CH, OCHCH, 
-:ÓCH;CH; 

о о. 
= CO;CH;CHs 2,00; СН„СНа 


-——— 


(+ 2 resonance structures) 
This product is a highly 
resonance stabilized enolate. 
This drives the reaction. 

H,O* 


о 
CO;CH4CHs 


-——— 


со 


OEt :O 
OCH;CH; 
. + CH3CH2Q: 
H- OCH;CH; 
M 
© ОЕ 
"m t О: 
ПОЕ == p> 
~ CO ,CH2CH3 ПРИ OCH2CH3 
+ H-OCH;CHs 
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24.71 All enolates have a second resonance structure with a negative charge on O. 


S 
О: в: tc :0: 
A [1] AS [2] Е] 308 


+ HB* 


Repeat steps 
[11-5] by 
deprotonating the 
indicated CH3. 


:0: :0: :0: :0: 
9 OL DN CL 
Е Ní | | | 


isophorone 


+ HB* 


(+ 2 resonance 
structures) 


24.72 АП enolates have a second resonance structure with a negative charge оп О. 


COOEt 


H не) M 
2 “со,сн, 7 
COCH 
new bond MES 
new bond 
H20 
¥ 
+ ТОН 
70: 


CO2CH3 
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Carbonyl Condensation Reactions 24–29 
24.73 
а. јон HOCH \ P ден; NI A^ —— сн. NE (+ other resonance structures) 
one possible resonance structure 
The negative charge is delocalized on the 
electronegative N atom. This factor is what makes 
the CH3 group bonded to the pyridine ring more 
Pn v acidic, and allows the condensation to occur. 
= oO ©н = t= 
Ce Hg CH ло e CeHs=C-CH—\ N: ~ CeHs-Ç7ÇCH—A N: = Сена C CHA № 
H W H 
он | + ~ 
сн=сн N 
Pan) 
b 


+ [OH 
The condensation reaction can occur only if the CH; group bonded to the pyridine ring has acidic 
hydrogens that can be removed with OH 


OH Ag m 
N Ni ш> №: 

X 7 \ & \ | 
CH,— Сењ Сн, 

2- mde 


(+ other resonance 


structures) 
H-CH; КоВ 
3-methylpyridine 


CH; СН? 
No resonance structure — the negative charge on the N, 
so the СН. is not acidic and condensation does not occur 


Since the negative charge is delocalized on the М, the CH3 
contains acidic H's and reaction will occur 
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24.74 Since the reaction takes place in acid, enols are involved. After the initial condensation 
reaction, the NH» and C=O groups form an imine by an intramolecular reaction. 


" 
(C WS 
б: +Он :OH 
© ч 
UE -— со 9 —_> ~ COSEt 
a 1 z 
H> enol nucleophile Аг :OH 
нб x СО,Еї 
ай Н-ОН> — 
NH, 0: мед-бн) NH2 OH 
eae | 
———— -H+ 
F 
e) 
~ Аг + 
(8 НОН» 
A Ar* OH; Аг :OH 
Y ~ 
А „СОЕ СО,Еї СОЕ 
NH, о МН» о NH2 О 
Аг Аг Аг 
EN СОЕ: Ss СОЕ EN CO;Et 
= * + proton 
20 i 20: transfer N ‘OH 
+ Кой H t 
H-OHs 
|“ | | СОЕ 
EN СОЕ: 9 СОБЕ! EN 2 
LO UAT Me 
N E H C:QHo 
H 


t H30 HÖ 


705 


Carbonyl Condensation Reactions 24—31 


(о 
H 
À 


+ CH3O^ The enolate 
opens the 
epoxide ring. 
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Amines 25-1 


Chapter 25 Amines 
Chapter Review 


General facts 

e Amines are organic nitrogen compounds having the general structure RNH2, R2NH, or R3N, with 
a lone pair of electrons on N (25.1). 

e Amines are named using the suffix -amine (25.3). 

e All amines have polar C-N bonds. Primary (1?) апа 2° amines have polar М-Н bonds and are 
capable of intermolecular hydrogen bonding (25.4). 

e The lone pair on N makes amines strong organic bases and nucleophiles (25.8). 


Summary of spectroscopic absorptions (25.5) 
Mass spectra — Molecularion Amines with an odd number of М atoms give an odd molecular ion. 


IR absorptions М-Н 3300—3500 ст (two peaks for RNH5, one peak for R2NH) 
'H NMR NH 0.5—5 ppm (no splitting with adjacent protons) 
absorptions CH-N 2.3—3.0 ppm (deshielded Сгр—Н) 

ЗС NMR C-N 30—50 ppm 

absorption 


Comparing the basicity of amines and other compounds (25.10) 

e Alkylamines (RNH2, R2NH, and R3N) are more basic than NH; because of the electron-donating 
R groups (25.10A). 

e Alkylamines (RNHz2) are more basic than arylamines (CeH5NH»), which have a delocalized lone 
pair from the N atom (25.10B). 

• Arylamines with electron-donor groups are more basic than arylamines with electron- 
withdrawing groups (25.10B). 

e Alkylamines (RNHz2) are more basic than amides (RCONH»), which have a delocalized lone pair 
from the N atom (25.10C). 

e Aromatic heterocycles with a localized electron pair on М are more basic than those with a 
delocalized lone pair from the N atom (25.10D). 

e Alkylamines with a lone pair in an sp? hybrid orbital are more basic than those with a lone pair in 
an sp? hybrid orbital (25.10E). 


Preparation of amines (25.7) 
[1] Direct nucleophilic substitution with МН; and amines (25.7A) 


e The mechanism is 512. 


1? amine 


excess 
e The reaction works best for CH3X or 
ЕСЊХ. 
e The reaction works best to prepare 
19 amines and ammonium salts. 


ammonium salt 
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[2] Gabriel synthesis (25.7A) 


О e e The mechanism is $32. 
—(— ‚ он, Р ^ е The reaction works best for CH3X 
НО а — ог RCH»X. 
О 1° amine ^ e Only 1° amines can be prepared. 
[3] Reduction methods (25.7B) 
i Hə, Pd-C or 
[a] From nitro compounds амо, 1 - (амн, 
Fe, НС! or 
Sn, НО! 1? amine 
[b] From nitriles и [1] ВАН. _ 
R-CEN -RO R—CH2NH> 
1° amine 
[c] From amides 9 
e. [1] ЦАН, 
А” МА [2] ЊО 
R' = Н or alkyl 


19, 2°, and 3? amines 


[4] Reductive amination (25.7C) 


Мавнзсм 
C=O + АМН É 


R', R" = H or alkyl 


19, 2°, and 3? amines 


Reactions of amines 
[1] Reaction as a base (25.9) 


R-NH, + НА = R 


• Reductive amination adds one alkyl 
group (from an aldehyde or ketone) 
to a nitrogen nucleophile. 

• Primary (1°), 2°, and 3? amines can 
be prepared. 


[2] Nucleophilic addition to aldehydes and ketones (25.11) 


With 1? amines: 


R =H or alkyl 


With 2? amines: 


R =H or alkyl 


епатїпе 
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Amines 25-3 
[3] Nucleophilic substitution with acid chlorides and anhydrides (25.11) 


0 о 
©, * Ван Por 
R 2 (2 equiv) R МА» 
2 = Cl or OCOR 
R' = Н or alkyl 


19, 2°, and 3? amides 


[4] Hofmann elimination (25.12) 


[1] CH,I (excess) 


\ / А | | 
C C=C e Тһе less substituted alkene is the major 
li NH [2] Ag?O д CN тада! 
2 [3] A product. 
alkene 
[5] Reaction with nitrous acid (25.13) 
With 1° amines: With 2° amines: 
Мамо» 
В- МН, R-N=N: CF R-N-H 
HCI А 
alkyl diazonium salt 
N-nitrosamine 

Reactions of diazonium salts 
[1] Substitution reactions (25.14) 

With HO: With CuX: With НВЕ;: 

CY № СГ | OH | X CY F 
phenol aryl chloride or aryl fluoride 
aryl bromide 
X = Cl or Br 
With Nal or KI: With CuCN: With HPO»: 
| A | ‚СМ | H 
aryl iodide benzonitrile benzene 


[2] Coupling to form azo compounds (25.15) 


Y = NH5, NHR, МА, OH 


(a strong electron- 
donor group) 


azo compound 
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Practice Test on Chapter Review 


1. Give a systematic name for each of the following compounds. 


CH3 


МАСН;СНа МНСЊСНа 


2. (a) Which compound is the weakest base? (b) Which compound 1$ the strongest base? 


О 
Н 
м м °з -CH3 NH2 
N 
СУ N Cys D 
CH3CH3 
A B С 


D 


3. (a) Which compound is the weakest base? (b) Which compound 15 the strongest base? 
О 
"D сњ- м = Ne о м 
НМ 
А B [o D 


4. Draw the organic products formed in each of the following reactions. 


c—< у—мн ый d om " @ „Мавнзсм__ 
а. 2 - 8 
V 7 [2] CuCN Ма 


О 


NH 
: " [1] KOH ? [1] СНа! (excess) 
| [2] РАСН„СН;Вг = [2] Ag20 
О [3] “OH, НО [3] heat 
1] NaNO», НСІ 
с. NH [1] NaNO? 
[2] Nal 


CI 


5. Draw the products formed when the given amine is treated with [1] СНА (excess); [2] Ag20; [3] A, 
and indicate the major product. You need not consider any stereoisomers formed in the reaction. 


е" 
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6. What organic starting materials are needed to synthesize B by reductive amination? 


Answers to Practice Test 


1.а. N-ethyl-2,4-dimethyl-3- 4. 5. 


heptanamine <) 


methylcyclohexanamine CO; 
“ (x py Ne 


of 
во nw 
[o] 
О 
- © 
ps 
— = — 
/ 
/ 


Answers to Problems 


25.1  Amines are classified as 1°, 2°, ог 3° by the number of alkyl groups bonded to the nitrogen atom. 


. 1? amine 
2? amine 
| H Сењ 
а. ми т И NHe b. ooo. _ дон 
2 
H 
2? amine О 3° атїпе 
1° атїпе 
25.2 
3° атїпе 
а. СНз р. 
HO-C—CHNHp CH3~N—CH,CH,OH 
CH; | CH; 


3° alcohol 1° amine 1° alcohol 
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25.3 The N atom of a quaternary ammonium salt is a stereogenic center when the N is surrounded 
by four different groups. All stereogenic centers are circled. 


OH 
H 
„СН CH HO N I 
a. CH; N- CH;CH; -(N- CH;CH; b. O~ 
wre HO 


CH3 H 
N has 3 similar groups. 


25.4 
NHCH;CH; 
a. СНзСН»СН(МН»)СНз C. (мон е. 
2-butanamine 
ог N,N-dimethylcyclohexanamine N-ethyl-3-hexanamine 
sec-butylamine 


CH3 


: CH3CH2CH2CH2)2NH 
Ж dit ' | ic d. E f. [nnn 
ibutylamine NH, 
2-methyl-5-nonanamine 2-methyl-N-propylcyclopentanamine 
25.5 An МН) group named as a substituent is called an amino group. 
а. 2,4-dimethyl-3-hexanamine с. N-isopropyl-p-nitroaniline e. N,N-dimethylethylamine g. N-methylaniline 
AK Or — МНСНз 
| 
NH3 ON 
b. N-methylpentylamine d. N-methylpiperidine f. 2-aminocyclohexanone h. m-ethylaniline 
О NH; 
NHCH мн; >j 
И ә 3 N 
| 


CHCH; 


25.6 Primary (1°) and 2° amines have higher bp’s than similar compounds (like ethers) incapable 
of hydrogen bonding, but lower bp's than alcohols that have stronger intermolecular 
hydrogen bonds. Tertiary amines (3?) have lower boiling points than 1? and 2? amines of 
comparable molecular weight because they have no М-Н bonds. 


О» Oa Om 


alkane ether amine 
lowest intermediate N-H can hydrogen 
boiling point boiling point bond. 


highest boiling point 
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25.7 The NH signal occurs between 0.5 and 5.0 ppm. The protons on the carbon bonded to the 
amine nitrogen are deshielded and typically absorb at 2.3—3.0 ppm. The NH protons are not 


split. 
molecular formula CgH45N 
1H NMR absorptions (ppm): 
0.9 (singlet, 1 H) NH PN 
1.10 (triplet, 3 H) СНз adjacent to CH2 ii 
1.15 (singlet, 9 H) (CH3)3C 


2.6 (quartet, 2 H) 


СН» adjacent to СН» 


25.8 The atoms of 2-phenylethylamine are in bold. 
О 


_CHg 
CH3CH3)N N 
a, (CH3CH3)2 H b. 
ENS 
N 
M 
LSD H | 
lysergic acid diethyl amide codeme 


25.9  Sy2 reaction of an alkyl halide with NH; or an amine forms an amine or an ammonium salt. 


МНз 


x 
а. voe To Na b. мн, °НзОНәВг_ N(CH2CHs)s 
excess е5: 


Br- 


25.10 The Gabriel synthesis converts an alkyl halide into a 1° amine by a two-step process: 
nucleophilic substitution followed by hydrolysis. 


аа NN тм? b.  (CH3)2,CHCH2CH2NHz 


; с. СНЗО NH,  CH4O Br 
i N | “У IOS 
AAV (CH3)>CHCH,CH.Br 


25.11 The Gabriel synthesis prepares 1° amines from alkyl halides. Since the reaction proceeds by an 
Sn2 mechanism, the halide must be CH; ог 1°, and X can’t be bonded to an sp? hybridized С. 


NH; КЕ NH, 
ето «С «СХ 


aromatic can be made by Gabriel 2? amine Моп 3° С 
Ап 512 does not occur synthesis cannot be made by An Sy2 does not 
on an aryl halide. Gabriel synthesis occur on a 3? RX. 


cannot be made by cannot be made by 
Gabriel synthesis Gabriel synthesis 
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25.12 Nitriles are reduced to 1° amines with LiAIH,. Nitro groups are reduced to 1° amines 
using a variety of reducing agents. Primary (1°), 2°, and 3° amides are reduced to 1°, 2°, 
and 3° amines respectively, using LiAIH4. 


| 
а. | CHSCHCH;NH, =  CH4CHCHSNO; CHgCHC=N CH3CHCNH 


О 
Queso Qr Oren Оч 
NH 
[9] 


с“ БН 
C. ММ Хн, = GO муо, LOOSE NH 


2 


25.13 Primary (19), 2°, and 3° amides are reduced to 1°, 2°, and 3° amines respectively, using 
ПАНА. 


о 
CONH; снн 
о О con m nm 


b. POS mm NOS 


= y 


25.14 Only amines with a СН» or CH; bonded to the N can be made by reduction of an amide. 


OG о eax (onn 


N bonded to benzene М bonded to СН, N bonded to a 3° C N on 2? C on both sides 
cannot be made by reduction can be made by cannot be made by cannot be made by 
of an amide reduction of an amide reduction of an amide reduction of an amide 


25.15 Reductive amination is а two-step method that converts aldehydes and ketones into 1°, 2°, 
and 3° amines. Reductive amination replaces a C=O by а C-H and C-N bond. 


МНСНа 
CH4NH 

а. ( ею ОНУМ; _ C " ( о (CH«CHoNH. {У -моњоњу, 
мавнасм | мавнасм 

NH 

o CO ањ cL d О мавнасм NHCH(CH3) 

ET : pu * NH2 pu 


25.16 Reductive amination occurs using the ketone in E and the amine in D. 


CO2CH2CH3 
: Pd] 
осњењ = О 
М 4 
x Е д 
Os i 
E D ша 7 
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25.17 
NH о 
а. Юч 2 Е er, m NH, 
On OH 
b. NHCH; о 
* — NH;CHs 
or OH 
25.18 
a. Only amines that have a C bonded to a H and N atom can be made by 
NH2 reductive amination; that is, an amine must have the following structural 


(XA feature: H 
| 


In phentermine, the С bonded to М is not bonded to а Н, so it cannot be 
made by reductive amination. 


b. systematic name: 2-methyl-1-phenyl-2-propanamine 


phentermine 


25.19 The pK; of many protonated amines is 10—11, so the pK, of the starting acid must be less 
than 10 for equilibrium to favor the products. Amines are thus readily protonated by strong 
inorganic acids (e.g., НСІ and Њ50,) and by carboxylic acids. 


Е 
а. CHsCHsCH,CH»—NH» + НСІ == CH,CH;CHjCH;-NH; + СГ с С) ЕЕЕ С) ie 
pK, 2-7 pK, = 10 


weaker acid N | Mt 
H H 
products favored 
+ pKa=15.7 pKa=10 
b. CeHsCOOH + (CH3)NH == (CH3)2NH2 + СНСОО” weaker acid 
pKa = 4.2 pKa = 10.7 reactants favored 
weaker acid 


products favored 


25.20 An amine can be separated from other organic compounds by converting it to a water-soluble 
ammonium salt by an acid-base reaction. In each case, the extraction procedure would 
employ the following steps: 

e Dissolve the amine and either X or Y in СЊСЂ. 

• Add a solution of 10% HCl. The amine will be protonated and dissolve in the aqueous 
layer, while X or Y will remain in the organic layer as a neutral compound. 

e Separate the layers. 


a. (Ум and { уе Ма ( y CF + {У 
х 


X * soluble in H20 * insoluble in H2O 
* insoluble in CHCl, * soluble in СНСЊ 
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—С! 
b. | (CH4CH;CH;CH;N and (СНзСН»СН»СН»)>0 (CH4CH;CH;CH;); NH Cr + (СНэСН»СН»СН»)>О 
У 
У 
• soluble т НО * insoluble in H2O 
e insoluble in CH2Cl; * soluble in СЊСЊ 


25.21 Primary (1°), 2°, and 3° alkylamines are more basic than NH; because of the electron- 
donating inductive effect of the R groups. 


a. (CH3)oNH and NH3 b. CH3CH2NH5 and CICH2CH2NH3 
2° alkylamine 1? alkylamine 1? alkylamine 

СНз groups are electron donating. stronger base Cl is electron withdrawing. 
stronger base weaker base 


25.22 Arylamines are less basic than alkylamines because the electron pair on N is delocalized. 
Electron-donor groups add electron density to the benzene ring making the arylamine more 
basic than aniline. Electron-withdrawing groups remove electron density from the benzene 
ring, making the arylamine less basic than aniline. 


NH; NH; NH; NH2 NH2 NH» 
eO KU ou cul C C 
CH300C СНзО ОМ 


electron- arylamine electron- electron- arylamine alkylamine 
withdrawing group intermediate donating group withdrawing group intermediate most basic 
least basic basicity most basic least basic basicity 


25.23 Amides are much less basic than amines because the electron pair on N is highly delocalized. 


amide arylamine alkylamine 
least basic intermediate basicity most basic 
25.24 
sp? hybridized This N is also sp? hybridized 
more basic but the electron pair 
— CHs occupies a p orpital, so it ем 3 е 
` :+—— sp? h N 
a. Electron pair on N ——:N у Nv can delocalize onto the b. | H \ ар hybridized 
| 2 \ Y Рода n E CH, stronger base 
occupies an sp СНз aromatic ring. Delocalization 
hybrid orbital. DMAP makes this N less basic. 4 nicotine 
4-(N,N-dimethylamino)pyridine sp? hybridized N 


higher percent s-character 
weaker base 
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25.25 
Br 


This electron pair is delocalized, 
making it a weaker base. sp? hybridized N 
N 33% s-character 


СНзО Stronger base 
a. b. sp? hybridized N " N(CHs)> 
N^ 25% s-character | | 
stronger base 
stronger base sp? hybridized N sp? hybridized N 
This compound is similar to 33% s-character 25% s-character 


DMAP in Problem 25.24a. 


25.26 Amines attack carbonyl groups to form products of nucleophilic addition or substitution. 


CH4CH;CH5NH; (CHgCH>)sNH 
a. о - NCH;CH;CH; о - N(CH;CHg)o 


о 
(СНзСН2)>МН c 
UU ш, OS 
СНз N(CH5CH3)a 


О 
| 


о о 
|] CH3CH2CH NH, 
СН ^ NHCH?CH;CHs CHg ^ ^O^ ^CHs 


| 
M 8 
b. сну 7707 ^CHs 


| CY Оена; G ae CY" т or 


25.27 [1] Convert the amine (aniline) into an amide (acetanilide). 
[2] Carry out the Friedel-Crafts reaction. 
[3] Hydrolyze the amide to generate the free amino group. 


AlCls 
(+ ortho isomer) 
NH i H Кс N NH 
E 2 сна Мо о eem H3O* 2 
0 AlCls 
CCHsCH, 
| 
0 о 
(+ para isomer) 
25.28 
transition 
state 


transition state: 
ot t 


3 . -N(CH3)s 
~>H---OH 

5- 
(по 3-0 geometry shown here) 


Energy 


starting у s 
materials products 


Reaction coordinate 
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25.29 
[1] CHsI (excess) [1] CH3I (excess) 
а. CH4CH;CH4CH; - NH5 > CH,CH,CH=CH> C. NH. ее. 
[2]Ag20 [2]Ag20 
[3] A 


[3] A 
[1] CHgI (excess) CH4CH-CH; 


[2]АоО 
[3] A 


b. | (CH3;CHNH? 


25.30 In a Hofmann elimination, the base removes a proton from the less substituted, more 
accessible В carbon atom, because of the bulky leaving group on the nearby а, carbon. 


[1] СНз (excess) zx 
a. CH;CHCH; - ( у CH=CHCH; + CH;CH-CH» 


| [2] АдгО 
NH 
5 [3] А major product 
1] сна 
b. ) [1] CH3I (excess) ‚ \ & yy [1] СНА (excess) СН5УСНЕСН(СН АСНУ» 
[2] Ag20 № + 
mn BI A major product Y [2] АО CH;-CH(CH;),CHN(CH3); 
| (3 BC's) [3] A + СН 
least substituted В carbon CH2=CH(CH2)4N(CH3)2 
major product, formed by 


removal of a H from the least 


4 
substituted B C 
25.31 
a. AW K*-OC(CHj)s pP _К*-ОС(СНӘ)з _ is 
Br 


AW [1] П] ОНУ (excess) excess) ‚ССГ rmm [1] It] СНЕГ (excess) (excess) "hd 
b. 
афО —— Ag20 (E and Z) [2] А9О 
[3] A 

Jem С 

N N 

H | 
МО 


NH2 [3] A 
Мамо, Еа 
#2.  CH,CH;-N-CH 


NO №, cr 


25.32 
No* СЕ 


NH2 
HCI CH; 


СНз 


Н 
b. CHsCH»—N—CH3 
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25.33 
"x [1] мамоь, HCI [Nanos HOI «у ы 
—рјсив ^ СиВг 
b Was [1] мамо;, НСІ 
[2] H2O 
ON 


ОМ 
25.34 
251 сз 
нь5О, zu 
Та] = 
Н804 
СЩ NaNO HOL, HCI 
^ pjNa © 
бока) 


NH, 
Cl, (excess) 
d. MiZACXCESE) Е 


^ Fed ^ ч 
(from a.) 


25.35 


OG Ра 
о ) — C) 


E 
zv a 


Amines 25—13 


с. СНО NH ПРАВА сно Е 
7 2 2] HBF, 3 

1] CuCN 
d. N5* СГ Eun СН»МНЬ 

[2] ЦАНА 


cl [3] H20 а 


NH, 
d [1] Мамо), НСІ Сү 
[2] НВЕ, 
NH» OH 
[1] NaNO,, НСІ 
[2] H2O 
Мн, OH 


CH; 
CH,Cl CY (+ para isomer) 
АС 1 


CI CI 


[1] NaNOp, НС! _ 
^ BAPO - 


CI 


OH 
9 o Q9 
HO 


25.36 To determine what starting materials are needed to synthesize a particular azo compound, 
always divide the molecule into two components: one has a benzene ring with a 
diazonium ion, and kin has a benzene ring with a very strong electron-donor group. 


Cl 
Oe 
"IT. 


b. HO T pen N К CH3 


ON || Cl 
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25.37 


a. b. ON мем] m OH 
Уе Qo» -OQ 


OH alizarine yellow R Pn 
para red 
~ | uM 
(S р м=й—( мо ON NEN: + OH 
" CI 
CI 
COOH 
OH 
25.38 
SAR о О = СНз 
\ / 
о yt У © FA “os Nenen м 
ө — О < = CH; 
Dacron О == кү methyl orange 
To bind to fabric, methyl orange (an anion) needs to interact with positively charged 
sites. Since Dacron is a neutral compound with no cationic sites on the chain, it does 
not bind methyl orange well. 
25.39 
а; pw b. (мењана, 
4,6-dimethyl-1-heptanamine N,N-diethylcycloheptanamine 
25.40 
CC "CO 
NH 
N 
A B 
weaker base stronger base 
(delocalized electron 
pair on N) 
25.41 
N N 
“ < 
a ДОО me ee (ХХ) += 
P P 
N EM N 
most basic 
varenicline 


only sp? hybridized N 
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а. CH3NHCH;CH;CH;CHs 


N-methyl-1-butanamine 
(N-methylbutylamine) 


е. (CeHs)2NH 
diphenylamine 


f C woes. 


СНЬСНз 
N-tert-butyl-N-ethylaniline 


g. o-( м 


4-aminocyclohexanone 


Б ST n SIM, 


1-octanamine 
(octylamine) 


„СНз 
Оч 
CH2CH2CH3 


N-methyl-N-propylcyclohexanamine 
d. (СНзСН»СН»)зМ 


tripropylamine 


25.43 


a. cyclobutylamine e. N-methylpyrrole 


b. N-isobutylcyclopentylamine | 


ow 

H 

c. tri-tert-butylamine 
МС(СНз)з]з 


f. N-methylcyclopentylamine 


[У мнен, 


9. cis-2-aminocyclohexanol 
NH3 «МН» 
EL UL 
oe OH =a 


25.44 


d. N,N-diisopropylaniline 


a 


«Хин, 


1-butanamine 2-butanamine 


H 
p TNR N ~ > N N E Pa 
H N 
H 
N-methyl-1-propanamine diethylamine 


Мн, pur 


2-methyl-1-propanamine 


N-methyl-2-propanamine 


Amines 25-15 


h. Fam 


N 
H 
2-ethylpyrrolidine 
i. CH3CH2CH2CH(NH2)CH(CH3)2 


2-methyl-3-hexanamine 


NH2 


3-ethyl-2-methylcyclohexanamine 


h. 3-methyl-2-hexanamine 


NH2 


i. 2-sec-butylpiperidine 


N 
H 


j. (2S)-2-heptanamine 
Н NH; 


МН» 
2-methyl-2-propanamine 


| 
“М 


N,N-dimethylethanamine 
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25.45 [* denotes a stereogenic center.] 


CH,CH3 
" -CH3 М xli 
a. N D. — CH,CH;CHCH;CH;CH;—N  CH;CH;CH;CHs 
СН»СНз CH; СНз _ 
1 stereogenic center 2 stereogenic centers Е 
2 stereoisomers 4 stereoisomers 
H CH H H CH 
_CH, zy 3 С з РАЕН И; 3 CH; Сев 
CON po ANE AOS -NI 
но снн, CHCH CH;CH,CHz . CH,CH,CH,CH, CHCH CH,CH,CHz г CH;CH,CH;CH; 
Нона СНз сњсн Н СНз СНз CHCH 
„СНа ЈЕ VE 3 ЈЕ 45 5798 
D. „©. -NI У -NI 
H^ CHCH, CH3CH; CH;CH;CHa г CH,CH,CHSCH, | СНАСН; CH,CH;CHg г СН»СНЬСН»СНь 
25.46 
< 
а _ (СНзСН>)>МН ог | b. (CH3CH2)2NH or (CICH2CH2)2NH 
2 
У ~. ALLEM satin 2? alkylamine 
sp" hybridized N spf hybridized N ЕЯ Mi base 215 electron withdrawing. 
stronger base weaker base ong weaker base 
25.47 
NH NH NH 
um ud cx D LU 
arylamine intermediate alkylamine ON CI СНз 
least basic basicity most basic electron- electron- 
withdrawing group intermediate donating group 
least basic basicity most basic 
\ "us 
b. d. (CgHs)2NH CgHsNH2 мн; 
Н N^ N 
H : : я : 
delocalized sp? hybridized М — sp? hybridized N diarylamine „амата àlkylamire 
electron paironN `; ; 4 least basic intermediate most basic 
intermediate most basic basicity 


least basic basicity 


25.48 The electron-withdrawing inductive effect of the phenyl group stabilizes benzylamine, 
making its conjugate acid more acidic than the conjugate acid of cyclohexanamine. The 
conjugate acid of aniline is more acidic than the conjugate acid of benzylamine, since loss of 
a proton generates a resonance-stabilized amine, СоН5МН.. 


+ + + 
Ож Qe Qo 


pKa = 10.7 pK, intermediate рКа = 4.6 
Qe Oom Qon 
alkylamine electron-withdrawing inductive _ resonance-stabilized 
cyclohexanamine ^ effect of the sp? hybridized C's aromatic amine 
aniline 


benzylamine 
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25.49 The most basic N atom is protonated on treatment with acid. 
о 
е! 
МНР + СНаСО;“ 
E CH3CO;H 
N pore N 
CR basic CHCOOH 


benazepril 
a 3° alkylamine with an 


sp? hybridized N 
most basic 


О 
O GNO "om 
V / m (OCHSCOSH _ + 

мм NX M 


C NH Ly V ( NH H = 
5 aripiprazole b CH3CO77 


m | Order of basicity: Ny < Na < № 
Мр - The electron pair on this N atom is delocalized 


25.50 


a. N | № < Ма < № on the О atom; least basic. 
2 N Ма - The electron pair on this N atom is not 
delocalized, but is on an sp? hybridized atom. 
N, - The electron pair on this N atom is on an sp? 
hybridized N; most basic. 


Na № Order of basicity: Ny < Na < Ne 
| | Мр = The electron pair on this N atom is delocalized 
N МН, on the aromatic five-membered ring; least basic. 
b. 4 ј № < Ма < № Na - The electron рай on this М atom is not 
N delocalized, but is on an sp? hybridized atom. 
мн N, - The electron pair on this N atom is on an sp? 
hybridized N; most basic. 


25.51 The para isomer is the weaker base because the electron pair on its NH» group can be 
delocalized onto the МО; group. In the meta isomer, no resonance structure places the 
electron pair on the NO» group, and fewer resonance structures can be drawn: 
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meta 
MEE + + 
A Cin, CA „МН, МН, CNH, МН, 
ДУ — У ж — С EY 
ON ом PAN ON ON 
para о: | 
" 
МН, МН 
ГЇ ~~ ror 
ae N 
О: :0: 
25.52 


This two-carbon bridge makes it 

А difficult for the lone pair on N to 

@ N delocalize on the aromatic ring. 
B 


A 
pK, of the conjugate acid = 5.2 pK, of the conjugate acid = 7.29 Resonance structures that place a double bond 
stronger conjugate acid weaker conjugate acid between the N atom and the benzene ring are 
weaker base stronger base destabilized. Since the electron pair is more 
The electron pair of this arylamine localized on N, compound B is more basic. 


is delocalized on the benzene ring, 


decreasing its basicity. СУЙ, суй, 
М А 
N ж 
B 


Geometry makes it difficult 
to have a double bond here. 


25.53 
== :B == Nur m К : К . A == :B _ 
Ow См № = де је Сом C 
pyrrole weaker conjugate base pyrrolidine stronger conjugate base 
pKa = 23 The electron pair is delocalized, decreasing the pKa = 44 The electron pair is not 
stronger acid basicity. The N atom is sp? hybridized. weaker acid delocalized on the ring. 
The N atom is sp? 
hybridized. 
25.54 
NH3 [1] LiAIH, 
а. CgHsCH2CH2CH2Br рта CeH5CH2CH2CH2NH2 d. CgHsCH2CHzCONHz —— — — > CeH5CHCH2CH2NH3 
[2] H2O 
NaCN [1] LiAIH, 
b. CgHsCH2CH2Br CeH5CH2CH>CN CsH5CH2CH2CH2NH3 
[2] H2O 
NH3 
с. CeH;CH;CH,CH;NO; - CgHsCH,CH,CHsNH> е. CgHsCH2CH2CHO NaBH,CN > СвН5СН»СН»СН»МН» 
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25.55 
H 
N 
а. (CH3CH3)NH b. ИУ И А с. РУМИ N(CH) d. СУ > 
à | l T 
сну“ ^ NHCH;CH; Cee тај CY ба 
[9] о О 
ог CH; 
P реј 
jl 
О 


25.56 In reductive amination, one alkyl group оп N comes from the carbonyl compound. The 
remainder of the molecule comes from МН; or an amine. 


a. pow — Ди + NH3 
о 


H 
3 N H F + HN 
b Pan У “онь — ЩИ ess PN or Сү" 2 У “ень 
o Ó 


О 
C. (СНАСН„СН МОН СН(СНај; => (СНАСН,СЊУМН + дл or Но + CH,CH,CH;. FP 
H с“ N 


H 
s CH5CHs 
d ме ~ B NH 
OW КА 
25.57 
NH» 
NH 
а. он ТГ он ү C. СН М оно ———2— ону “У “он,мн, 


NaBH4CN М ММН мавнасм 


О 
NH 
CH3)aNH C ? 
b. C yo (СНз)2 RIEN: di FOS Co ice ч 


мавна см О NaBH3CN on 


25.58 
CH NH, 
E Ро" NH; Cy 
N7 excess 
CHNH 
b N [1] ЦАН, i 
LZ [2] ЊО 
^x. CONH; CH4NH; 
© в [1] ЦАН, | b: 
€ [2] H2O 2 
CHO CH»NH> 
" ES NH; | EN 
CA мавна см 22 
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os 27 „CHBr СНЫМНЬ 
е. ( J 
hd excess 
CH2NH 
to " soc _ н ? QUAM, _ ЫМН> 
4 [2] NH; [2] H2O 
"m CH,NH 
a (Ў Nano, HOI ШАН, _ мн; 
NF [2] Пртсисм — 2] H2O 
as HNO. NO; н 
à : Г Then as іп (9). 
М2 H5SO, Pd-C 


25.59 Use the directions from Answer 25.20. Separation can be achieved because benzoic acid 
reacts with aqueous base and aniline reacts with aqueous acid according to the following 


equations: 
COOH СОО Na* 
Cy + NaOH —À Cy + НО 
(10% aqueous) 


ponzoic acid * soluble in НО 


* soluble in СЊСЊ 2d 3 
- insoluble in H,O insoluble іп СНСЊ 


Р 
NH2 NH; СЕ 
5 H—CI nz Cy 


(10% aqueous) 


aniline 
* soluble in СНС * soluble in H2O 
* insoluble in НО * insoluble in СНС 


Toluene (СоН5СНз), on the other hand, is not protonated or deprotonated in aqueous solution, so it is 
always soluble in CH2Cl, and insoluble in Н›О. The following flow chart illustrates the process. 


| 
| 10% NaOH 
|сн;сь 


C С”. CY 


| 10% HCI 
но [CHCl 


CY" cr р СНз 
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25.60 


N-ethylaniline 


HCI 
a. 


p, CHsCOOH сү” 


ba 


сно 


d NaBH3CN 


Сну 
е. : 


(excess) 


25.61 


o Ум, p-methylaniline 


CH3COCI -= 
b. SUO сн, \ 


CH3CO)20 
C. ( 3 )2 C – \- / 


сна 


> CH3 / N N(CHa)s I- 


и \ 


ехсе$$ 


e. _(СНус=о_ 


СНз N—C(CH3)o 


25.62 
[1] СНА! (excess) 


[2]Ag2O 
[3] А 


а. CH3(CHs)gNHo 


Amines 25-21 
i сна (excess) А920 N(CH3) 
| A + CH=CH, 
O 
CH3CH,COCI y> 
UO 
О О 


HNO; 


м 
HSO, LY + 
ON 


[1] LiAIH, 
[2] 20 


h. The product in (g) 


i. The product in (g) 


j. The product in (h) 
Pd-C 


AICI 
CH4COCI VN Mos 
> СН NH2 
АСВ -- 
СНзСООН " 
: - cH— \ Ан, сњсоо- 
NaNO 
h. >. бнз и \ МОГ 
HCI = О 
-CH 
CHCOCI / $ 
i. Step (b), then —— CH; NH 
АС 
С=О 


CH3 
CH3CHO 


NaBH3CN 


cH, \—NHCH,CH, 


CH3(CH;)4CH-CH» 
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[1] CHgI (excess) ZEN’ e А Be [1] CHgl (excess) Br 
b. ie dd + (Е + 2) [2]Аф,О do ы 
[2] Ag4O N 92 


М(СНа)2 
МН Ро Ре бо а H Bs 3 . 3 
? [3] A ~ [3] A 4 major product 
major product В 
2 
А Д. [1] СНА! (excess) CH=CH (CHIN NN 
| Моћ [2] 4020 major product + (Е+2 
[3] A + (CH)2CHN(CHa)2 + (CHIN КУ 
CH =CHCH; + CH3CH»N(CHs)> (Е + 7) 
СНз [1] СНз (excess) 
es [21Ag20 Qa t Фа. у ша: duct 
[3] A jor produc 
CH; CH; CH; CH; 
25.63 
о N(CH3)2 
HN(CH3)2 
a. 
mild acid 
о 
NH;CH;CH;CHs месон. 
b. mild acid 
О 
с. ^ TUNES C^ 
о NH2 o 
[1] NaBH4, CH30H BEN [1] CH3I (excess) NH3 
d. [2] 4,80, [2] AgsO мавнасм 
[3] A 
о OH 
x. тСРВА CH3NH> NHCH; 
209 
(from d.) 
О О О 


Bro Вг NH?CH;CH;CH;CHs NHCH2CH2CH2CH3 
f. CHCOOH 


25.64 


3 


one stereogenic center 


benzphetamine 
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Amines 25—23 


b. Amides that can be reduced to benzphetamine: 
| jm 
N N 
and 
О 
с. Amines + carbonyl compounds that form benzphetamine by reductive amination: 
МНСНа О 
ФЕЈ А н бї сүт » 
О 
бї „Мн 
N 


OL a 
CH3)eNCH 
[3] 


major product elimination across о, В+ 
(elimination across о, Bo) 


NH 
Nov B (у оном, g. [н LR [ON-w-o 
excess HCI 
CO; 
(KOH Р 2 NaBH4CN 
COR T2] (CHsCHCH;GI МН» + h. Сом + CgHsCHO ———- (десне 
[8] "OH, ЊО 
edi бй ы отаг ате 
N 
H 


d [1] LiAIH, 
: — i. КТЕ? [1] СНА (excess) 
eu [2] H20 HNH J- CH3CH;CH; N СН(СНа)» “Ago 
+ [3] A 


[1] LiAIH 
e. (у сомнсњсн, к { )-онмнонон, CHCH=CH> + (СНз):М№СН(СНз) 
[2] H2O 


CH3CH2CH2N(CH3)2 


f. CeHsCHCH2NH> + (CsH5sCO)O ——> 
CeH5CH2CH2NHCOC6H5 + CeH5CH2CH2NH3* CeH5COO7 
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25.66 МН, and H must be anti for the Hofmann elimination. Rotate around the C-C bond so the 
NH» and H are anti. 


CH3 NH2 Сен 
а. СН NH» p. Ч CH; c ©з й 
H СН>СНз СНЕ С(СНа)з (CH3)3C NH3 
C(CH3)s СЊСНа CH2CH3 
rotate 120° rotate 120° 
three steps counterclockwise counterclockwise 
(СНз)зС NH» СЕЊ 
Е CH, CH;CHs H CHCH; 
СНЕ C(CH3)s (СНз)зС МН» 
H СНз 
three steps = steps 
(СНз)зС Mes 
25.67 
O = 
Е vou F До Е н, Е 
Е No, DMSO Е No, К ЮС0з Е NO,  Nicatalyst F NH3 
F OH О О 
. J J 
О О 
B L c 


not isolated 
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Amines 25—25 


25.68 


HO а! Вг а! 
а. њо di d. CuBr a | h. CgHsNH> ыы м 
>“ ES 
а! 
T a NCA „©! 
b. НРО, di е. CuCN 
LA м i. CgHsOH N-N-( он 
а! cl F M 
с. CuCl 2 f. НВЕ, (Y ci 
ES 
i я I а! 
д. маг (Y j. KI 
25.69 
CH3 
R] [1] CHI (excess) н Нн [1] Og Q 0 
cH, cH, oH СИН [2]Ag;O С=с А ae 
CHCH Уу 92 AM [2] CHSSCHs н< “н H^ ^^ CH;CH;CHs 
2 Эл н _ CH;CH;CHs 
А в 
25.70 
НН Nat :OH 
uo N2 | ~ N B 
a. Br У И Ba N N Ва и МА ем + Br 
о b 
ы - Br А Е ЕН CH2CHs 
+ СНАСНМН Nat + ЊО Nat :OH | 
e + ЊО + ма 
| 
CH;CHs 
H qs + H.B-H 
КЕ | :OH ne H 
:0: T ОН 4 2 уты! |: 


Có М N В 

" f + nt ~ + H0O 

у Я proton proton 
МН» transfer source 
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25.71 


а 
:С 107 Не ‚ОН v 
OH Г ОН А 
+ 
MERE H—N EN N 
proton 
transfer 
E is + 
:OH OH (Qe 
N CN 
+ Н-А + AD 
:OH 
H 
25.72 
Overall reaction: СТ NaNO; ea Е [e + on 
NH; HCI, НО OH 
The steps: 
NaNO, + HCI 
P ee. 
Pel = о VL + HCI 
Мн; N-O: N-N-Ó: N-N-Ó: 
H H 
en ie E "s Со м == а. : 
N-N-G: Н- С! д-н N-N-O-H N-N-OH, + Cl 
H ^H 
Tor | 
= Nu А H-OH 
+ на! б\г 


H мы, ds em 
Ch zum (Ло Сн — (CT + 
¥ 12-Hshift bu i 


A B > J 
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Amines 25—27 


25.73 А nitrosonium ion ( МО) is a weak electrophile so electrophilic aromatic substitution occurs 
only with a strong electron-donor group that stabilizes the intermediate carbocation. 


H-Cl  :O-N-O: -  H-Gl HÓ-N-O: + NaCl н-0-№=0: —— 'N-Ó: + њо: 
NA +» а m 1 
Na* H + 
МСНај; = :O=N М(СНа) === :0=М + —МСНа); -—- :O=N N(CH3)o 
H H = Но 
"RT | especially good 
*N20: resonance-stabilized carbocation | resonance structure 


АП atoms have octets 


NH, [1] сны _ S 
a. THESIS (Hofmann elimination, less 
Tum T Emo É substituted С=С favored) 
ышы ы ЫЕ bstituted С=С favored 
b. СНОН (more substitute avored) 


(E + Z isomers formed) 
25.75 


HNO; вв _ CICOCH, _ 
H280, 'FeBr 
МО» МНСОСНз 


СНзС! = сн HNO, ом = eu H2 uN == BH [1] NaNO;, HCI А == T 
AIC, Ww / 3 HSO, ~? И з рас "2 \ / з [2] Nal V 7 3 


(+ ortho isomer) 
O2N HoN NC 
G Huo” [1] Мамо», HCI Во Nc Br 
c. Pac [2] CuCN FeBr; (Y 
NO; NH; OH 
d. Bro HNO; Hə [1] мамо;, HCI 
ЕеВгз pr 2904 вр € g 18 


Вг 
(+ para isomer) 
KMnO H 
e. ом—{ Усы * ом \—coon 2. нм \соон ММО На: \ сен 


= Pd-C РИБ [2] H2O 


©: 
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Chapter 25-28 


Qon 


(from c.) 


25.76 
à NH2 [1] NaNO», HCI 
| [2] NaCN 
b. Cx снсос! CX 
МН 


2 


[1] Мамо), HCI 
[2] H2O 


CN COOH 
п SD 
Br. Вг Вг. 
NHCOCH3 FeBr, NHCOCH3 АС NHCOCH; НО NH 


Сена МС 
Онан у) 


(from с.) 
[1] SOCI; СОМНСНз 
[2] NH2CH3 


2 


(+ ortho isomer) [1] Мамо), НСІ 
[2] НзРО2 
CH3 
Br 
Br 
1] LiAIH B 
с. ( У coon E андаа, ПН иди E. g À CHOH 
[2] HzO ү m = 
(from a.) Br 
HN 
У [1] мамо;, uai КК a 2m 
. [2] HO “ACh - 
CH; nw Step [1]) CH3 
(+ ortho isomer) 
25.77 
CHCI _ _Н2С=0 | 
[1] АС cond NaBH4CN 


Br 
Tos 


(from [1]) 


KMnO; 


[3] 
(from [1]) 


Tol 


[1] HNO3, Њ80, _ 
[2] Hə, Pd-C 

[3] Мамо», НСІ 
[4] CuCN 


a 


CN [1] DIBAL-H _ 
Cy [HO ^ 


CHO cHNH, _ 
NaBH,CN i 


or 
on 


| ] ЦАН, 
2] H2O 

COOH [1] s0Ci | [LAS _ N^ 
[2] CH3NH5 [2] H2O 


Then route [2]. 


[1] LiAIH, 
[2] Њ0 


(Y ™ Then route [1]. 
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Amines 25-29 
Br; Br Mg MgBr [1] CO, COOH 
[9] © ҒеВгз Cy Cy [2] HO* Then route [3]. 
[1] Н>С=О 
[2] H20 


ФЕБ Then route [2]. 
25.78 
О г О 
( Гү mCPBA А XY Bm, ( ELI РВгз ( ТУТ 
o о BHO ^ њо 


РСС CH3NH> 
О Nau ВИ о 
S МНСНа ^ NaBH;CN 4 s МНСНа 
MDMA MDMA 
[part (b)] [part (a)] 
25.79 
CH;0 ее) 
В Вг NaCN CN пуцањ, 989 SHE 
CH30 CH30 [2] H2O СНО 
СНО ее) бно 
37 mescaline 
CHO EN CH3O Br сно NH; 
b HBr NH; 
CH30 ROOR CH,0 excess  СНзО 
СЊО СЊО СНО 
О 
CH30 Br Mg СНО MgBr [1] 7N CH3O OH РВ CH30 Br 
с. — 
CH4O CH40 [2]H2O сно сно 
сно сно сно сно 
NH3 
excess 
сно МН, 
сно 
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25.80 
a HNO; NO? н, NH t1 мамоь, НСІ CN Кен COOH- -i COON 
| H2SO4 Pd-C [2] CuCN FeCl, 
Cl 
NH NHCOCH; NHCOCH; NHCOCH; NH, С а 
: CH&COCI HNO; _ Cloy © € t1] мамо», HCI 
| HS0; E но [2] H5PO; 
(2X) NO; 
(from a.) мо, мо, 
H2 
Pd-C 
а а! 
а с 
[1] NaNO;, HCI 
[2] H2O 
NH2 
OH 
сна HNO H 
Ра : cH) 2 с), 2 <=“ 
AlCl HS0, Pd-C 
[1] Мамоь, HCI 
( ortho isomer) | [2] NaCN 


1] LiAIH = 
сњ- сн, n = СНз V 7 CN 
[2] H2O 
CH&4CH;CI HNO; Ho 
— — —. CH,CH, ——- CHCH, NO; CH3CH; NH, 
AlCl HS0, Pd-C 


d. 
(+ ortho isomer) [i DN HCl 
H,0* 
сњењ— У—соон-—° оњоњ- \—on 
= Br н, = [1] Мамо), HCI = 
e. о CH 2 . ом а НМ CH; - HO сњ 
di П em V / [2] H;O \ / 
(from c.) Br Br Br 
а! а! 
1] мамог, НСІ 
ћ мн, ПМаМО» HC N=N-{ мн 
[2] 
Wa 
a (from b.) e 
(from a.) 
25.81 
о о H 
O HNO; _ O2 cp NO? н, мн, ~ AGA es 
^ HSO, © FeCls Pd-C О 
Gs 
с! Cl Cl FeCl 


JO 


(+ isomer) 
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Amines 25—31 
NO; 
PL. [1] NaNO, HCI ere Г 7 E Ly н, 
Pd-C HN [2] H2O Њ80, HO РАС но 
| оо 
(from a.) (* ortho isomer) 
ок 
N 
O О 
о О О Он 
CICOCH;CHs Cl; Cl NH;CH; NHCH, NaBH, NHCH, 
С: —— = 
АС Н2О, НСІ CHOH 
25.82 
CH4OH 
МН; OH |зось OH OH ОСН; 
O [1] HNO, H2SO4 [1] Мамо», HCI CHCl Br. P' Вг] ман P" Br 
[2] Hp, Pd-C [2] Н5О АСЬ FeBrs [2] СНАС! 
(2X) 
На СНз CH, 
(+ ortho [1] Bro, hv 
isomer) [2] NH 
СНзСН>ОН сно (ехсеѕѕ) 
[eos H2SO4, НО 
СНзСООН 
He [soci H H 
к ba а И а онњо 9 
Е МН, 
“AIC — О » wzy 
(from a.) o (+ ortho isomer) 
CHOH 
|socl, 


(Cb [1] CHCI, Абв _ Т — панно = Pcc 9 = | 
19 FeCl, Ox: пакмпо, 90 / Явно А € P Ед 


(+ ortho isomer) 


(from a.) 
mild acid 
CH4OH 


О) 
SOCI» 

d. = 
АС D [2] CHOH, H* 5 


„Л 


(+ ortho isomer) m PCC 
onon )— CO2CH3 


NaBH3CN 
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МН» 


== д — = e 
e ом—()—оњ, ULT а“ []KWO, | p: SEZA Oe, Ж 
[2] мамо;, НСІ [2] SOCI, Yi (from a.) \ / 
(from d.) [3] HBF, 


Probably a strong enough activator that the Friedel-Crafts reaction will still occur. 


[9] 
NHCOCH, о с. 
Make two parts: CH; ^NH О 
с AlCl, 
f + 
| eae 
CN I 
CN 
NHCOCH; NHCOCH; NHCOCH; 
[1] HNO3, Њ50, [1] NaNO», НС! 
[2] Ho, Pd-C [2] CuCN 
(from b.) NH, CN 


(+ ortho isomer) 


CH 
Ly [He PC 
2] NaNO;, HCI 


ON 
(from d.) [8] NaI 


25.83 


О 
1] KMnO. 
[1] баш d 
[2] (soc, > 
I 
molecular weight = 87 


H H 
а [ee N N 
two IR peaks = 1° amine “т H^ үт H^ 


25.84 
ЛЕО 
МНСН„СНа CHsNHCH, 
Compound А: СН; {№ Compound В: Сан, М Compound С: Сан, № 
IR absorption at 3400 ст“!— 2° amine IR absorption at 3310 ст“! — 2° amine ІА absorption at 3430 and 
'H NMR signals at (ppm): 'H NMR signals at (ppm): 3350 ст“! — 1° amine 
1.3 (triplet, 3 Н) СНз adjacent to 2 H's 1.4 (singlet, 1 H) amine H 1Н NMR signals at (ppm): 
3.1 (quartet, 2 H) СН; adjacent to 3 H's 4 (singlet, 3 H) СНз 1.3 (triplet, 3 Н) CH3 near CH2 
3.6 (singlet, 1 H) amine H 3.8 (singlet, 2 Н) СН, ^ 5 о 2 H) CH; near СНз 
( 


6.8—7.2 (multiplet, 5 H) benzene ring 2 (multiplet, 5 H) benzene ring singlet, 2 H) amine H's 
doublet, 2 H)| para disubstituted 


6 ( 
7( 
7 0 (doublet, 2 H)| benzene ring 
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Amines 25-33 
25.85 
=N 
Homo но мн 
Compound D: Compound E: 
Molecular ion at m/z = 71: СзН5МО (possible formula) ^ Molecular ion at m/z = 75: CaHgNO (possible formula) 
IR absorption at 3600-3200 cm“! OH IR absorption at 3600-3200 cm^!— OH 
2263 cm"! СМ 3636 ст“! — N-H of amine 

Use integration values and the molecular formula to 1H NMR signals at (ppm): 

determine the number of H's that give rise to each 1.6 (quintet, 2 H) СН, split by 2 CH,'s 

signal. 2.5 (singlet, З Н) NH» and OH 
'H NMR signals at (ppm): 2.8 (triplet, 2 H) СН» split by СН» 

2.6 (triplet, 2 H) СН, adjacent to 2 H's 3.7 (triplet, 2 H) CH» split by СН, 


3.2 (singlet, 1 H) OH 
3.9 (triplet, 2 H) СН> adjacent to 2 H's 


25.86 Guanidine is a strong base because its conjugate acid is stabilized by resonance. This 
resonance delocalization makes guanidine easily donate its electron pair; thus it's a strong 


base. 
.. + m 
NH «NH; NH; NH3 NH3 
I HA | | | | 
Os Род 0X: AX C. + T OR 
НМ “МН HjN^ CNH; HN *^ NH; HN мн НМ “МН 
guanidine pK, = 13.6 


25.87 The compound with the most available electron pair or the compound with the highest 
electron density on an atom (N in this case) is the strongest base. Pyrrole 15 the weakest base 
because its lone pair 15 delocalized on the five-membered ring to make it aromatic. Both 
imidazole and thiazole contain sp? hybridized N atoms with electron pairs that are localized 
on N. Imidazole is a stronger base than thiazole, because its second N atom is more basic 
than thiazole's S atom, so it places more electron density on N by a resonance effect. 


ен И TS. NENG: 
imidazole ; | thiazole This form contributes less 
This N atom is to the hybrid than the 
the strongest equivalent resonance 
base. structure in imidazole. 
< NH A н 
pyrrole thiazole imidazole 
least basic intermediate most basic 
basicity 
25.88 
СНз. СНз. + „СНз 
N [1] СНА (excess) N т [2] А920 [1] СНА (excess) [2] Ад20 
eb vh = Т 
N(CHg)2 p +N(CHs)g Санио 
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25.89 
One possibility: 


о 
LO _CHCOCI _ T T HaNC(CHa)g 
о АС ти 45 p^ 


(+ um 


HO о 
Уо -EC 
HO 
N 


H N 
albuterol ОН 


но N(CH2CH3)2 


DE MOL ој Жз LO 
H2504 o,N Pao eT но ^ "ag NG 


а. Я 
|5» 
O;N COOH COOH E 
е гү H250, ‘oad H,0* СО; Mg Ly 
^79 HNO3 ^79 So 
| 8001, 
О; [oe go СН»СНз)› КИ go и! CH2CH3)2 
eur Ss A Si 


25.90 СЊ=О reacts with the amine to form an intermediate imine, which undergoes ап 
intramolecular Diels-Alder reaction. 


о; 


О. UP 
Ux = one _one step _ 
На b? N 


X 


НВ lupinine epilupinine 
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Carbon-Carbon Bond-Forming Reactions in Organic Synthesis 26-1 


Chapter 26 Carbon-Carbon Bond-Forming Reactions in Organic Synthesis 
Chapter Review 


Coupling reactions 
[1] Coupling reactions of organocuprate reagents (26.1) 


| e R'Xcan be СНЗХ, RCH;X, 2° cyclic 
Mcr + nm halides, vinyl halides, and aryl ке 
X = CI, Br, I + LX e X may be Cl, Br, or I. 
e With vinyl halides, coupling is 
stereospecific. 


[2] Suzuki reaction (26.2) 


Y | Pd(PPhj) e ВХ is most often a vinyl halide 
/ 3/4 
x е Н E Meu Поа or aryl halide. 
Х = Вг, 1 + Мах ® With vinyl halides, coupling is 
stereospecific. 
[3] Heck reaction (26.3) 
E РА(ОАс)> "> e R'Xisa vinyl halide or aryl 
RUM de vx P(otoyl > db. halide. 
X =Вгог1 (CH3CH4)sN e Z-H, Ph, COOR, or CN 
+ (CHgCHs)3NH X^ e With vinyl halides, coupling is 
stereospecific. 


e The reaction forms trans alkenes. 


Cyclopropane synthesis 

[1] Addition of dihalocarbenes to alkenes (26.4) 

e The reaction occurs with syn addition. 

e The position of substituents in the 
alkene is retained in the cyclopropane. 


e The reaction occurs with syn addition. 
The position of substituents in the 
alkene is retained in the cyclopropane. 


Metathesis (26.6) 


Grubbs 
2 RCH=CH, — — — | RCH=CHR | + сн,=сн, 
catalyst e Metathesis works best when СН›=СН», 


2 Grubbs a gas that escapes from the reaction 
S catalyst + CH=CH}; mixture, is formed as one product. 


diene 
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Practice Test on Chapter Review 


1. a. Which functional groups react with lithium dialkyl cuprates? 
. epoxides 

. vinyl halides 

. acid chlorides 

. Compounds [1] and [2] both react with R2CuLi. 

. Compounds [1], [2], and [3] all react with R2CuLi. 


aA Оз м 


b. Which of the following statements is (are) true for the Suzuki reaction? 
1. Arylboranes can serve as one reactant. 
2. The reaction 1s stereospecific. 
3. The reaction occurs between a vinyl or aryl halide and an alkene in the presence of a 
palladium catalyst. 
4. Statements [1] and [2] are both true. 
5. Statements [1], [2], and [3] are all true. 


c. Which of the following compounds can react with СН›=СНСМ in a Heck reaction? 


а · 4. Both [1] and [2] can react. 
Е C 23 5. Compounds [1], [2], and [3] can all react. 
3. СН»=СНЬ 


d. Which of the following compounds yields a pair of enantiomers on reaction with the Simmons- 
Smith reagent? 


C +O 
Cy 4. Compounds [1] and [2] both yield a pair of enantiomers. 
2. 


5. Compounds [1], [2], and [3] all yield a pair of enantiomers. 


e. Which of the following compounds can be made by a ring-closing metathesis reaction? 


О 
cO X 
OH 
4. Compounds [1] and [2] can both be prepared. 
2. HO 5. Compounds [1], [2], and [3] can all be prepared. 
О 
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f. Which of the following compounds can be prepared from СНз-С=С-Н by a Suzuki reaction? 
You may use other organic compounds or inorganic reagents. 


% 
"NA i UL 
2. bd: 4. Compounds [1] and [2] can both be prepared. 


5. Compounds [1], [2], and [3] can all be prepared. 


2. Draw the product formed in each reaction. Indicate the stereochemistry around double bonds and 
stereogenic centers when necessary. 


а. HC CCH,CH;CH; Е catecholborane = " == зе + 
[2] / Ч. Pd(PPhg)4, NaOH (CH3)s 
b pu cw" neli , Grubbs 
A fom. А 
[2] 0.5 СШ cataylst 
[3] Ph. Apr 
= [1] 2 Li \ Grubbs 
2 ( лы j dá cataylst 
8 В(ОСНа)з ка 
ЕР Br, Pd(PPh3)4, NaOH 
OCH 
d Еа Ра(ОАс), 
` A зе 
P CO;CHs  P(o-tolyl) 
1 (CHsCH)sN 


3. What starting material is needed to synthesize each compound by ring-closure metathesis? 


о 


OH он 
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Answers to Practice Test 
5 : 
4 у Вг Вг Zo А 
4 | ш ) | а. 
А b PN o 
Е 
4 ва 
с. 
осн dA он OH 
3 
сно 9: X 


d. 
2 ~ Co,CH, 


# 
\ 


Answers to Problems 


26.1 A new С-С bond is formed in each coupling reaction. 


(CH; -CH);CuLi 


a. NN NAc Аа 
new C-C bond 
(CH3);CuLi 
b. ( Br - і СНз 
new C-C bond 


CH4O 1 СНзО 
с: ХУ (CHa3CH2CH2CH5)2CULi XO S 
ее) - CHO new С-С bond 
d Br | xe 
| Р СР Jey CuLi -— пем C-C bond 
EN EN 2 EN EN 


26.2 
I 
SS 
L SS 
OH a= 9H B- — 
(СНАСН;)Си several 2 “1 (CH3);CuLi several 2 
steps steps CO.CH 
OH OH m 
С+в juvenile 


hormone 
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26.3 


On 
а. (CHs)2CHCHsCHat ИН , снз),Сснсн,сн Сиш {У оњењенсну, 


[2] Cul 


or 


B [1] Li CuLi (CH3)2CHCH2CH21 
ET ААА CH;CH;CH(CHs)a 


а Ч ка МЕСНЕ. BP е 
[2] Cul 


а [thi CuLi in a 
di did "EU 


Pd(PPh3) 


О 
dE d a ВЕН ib d i 
'o NaOH 


Pd(PPh 
{ воен. + УВ ЕВА Z 
NaOH 
[1] Li 
: ( 2-9 {воен + LiOCHs 
[2] B(OCH3)s 


О Pp 
=C-H + H-B/ = B. 


26.5 The Suzuki reaction forms a new carbon-carbon bond between a vinyl halide and an arylborane. 


o 
сња—(_ вон» + | o 
Br 


a. СНаСН>СН>-С=С-—Н и РЕ ху 
d(PPh3)4, NaOH 


= li / X, BOCH) f N, PAPPh 

' - L - | 

b e ) yu song, + (ој се 
UO Br O= H B(OCHə) ond" ~ 

CH30 CH0 CH30 CH3O Pd(PPh3), CHO 


3 
(+ ortho isomer) NaOH 


о 


о 


26.4 


» 


E. 


о 


о. 


CH,S 
26.6 
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26.7 
Br 2 Heck e P 
(QUUD NS 
reaction 
b AN + = OCHs неск ZA OCH; 
reaction 


Br Heck Z~7~on 
с. CN + AZ? reaction 
OCH; SP leck 
d. A + is 22 OCH; 
[9] reaction Ó 


26.8 Locate the double bond with the aryl, COOR, or CN substituent, and break the molecule into 
two components at the end of the С=С not bonded to one of these substituents. 


CR i 
C. 

— + gu H 
2. coc, Z CO;CHg 


26.9 Add the carbene carbon from either side of the alkene. 


Cl Cl 
CH; Ра CHCl, ae 
&- С=с сні Сн}, УН 
| | Hoy Мун + He ccu 
нон КОС(СНз)з af | У 
enantiomers PEN 
CI CI 
а cl 
CH3CH CHCH CHCI 
b | edi Ещ pa СНзСН» „v CHCH 
` / \ KOC(CH44 CHsCH27 N/CH;CH, + HC raa 
H H H c 
i 1 IN 
identical e i 
CH3 CH3 


СНз CHCl ; < 
с. “CCl + ССІ, 
KOC(CHs)3 | 4 
H H 


enantiomers 
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26.10 
CHCls LiCu(CHg) 
uu. KOC(CHs)3 Ne | ја ~ 
| CHBr, ~ (from b.) 
| | KOC(CHs)s ae 
26.11 


о 
NO 
Zu 
О |5 

+ 

м 

к=] 

Ка 

о 
мо 
Zu 
Os 

у 

+ 

N 

- 

= 


H 

b. (5 СН <> + Zn 
Zn(Cu) ` 
H 


26.12 The relative position of substituents in the reactant is retained in the product. 


H H CH3CH2, H 
ae 
CH4CH; беен сна» Pi ü BS 
ху же CH.CH, C Се, C 
H HCH di. n 
СЊСНа Zn(Cu) ae NCHACHs d ја 


trans-3-hexene 
two enantiomers of trans-1,2-diethylcyclopropane 


26.13 
" " Grubbs P. б: | Grubbs : 
di did catalyst catalyst 
(E and Z) 
OCH; 
Grubbs EN С) (CH=CH; is also formed in each reaction.) 
b. catalyst 
(E and Z) 


OCH, OCH; 
26.14 


eo ИТ + \ / + У + NL / 


cis-2-pentene 


There are four products formed in this reaction including stereoisomers, and 
therefore, it is not a practical method to synthesize 1 ,2-disubstituted alkenes. 


26.15 
О 
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26.16 


A RCM 
Е OR 


Í new C-C bond here 


26.17 Cleave the C=C bond in the product, and then bond each carbon of the original alkene to a 
CH: group using a double bond. 


CO2CH3 CO2CH3 
a. D = Ae? © CHO CHO 
= ZA m 
/ N 
О Й о 
22 
b. --- 
СНзО СНзО < 
OH OH 


26.18 Inversion of configuration occurs with the substitution of the methyl group for the tosylate. 


280 CH 
o 02 з (CHs)CuLi 
"CANSA ANA 
СНз 
(equatorial) 
(CH3)2CuLi 
Ао 4), ЖА 
СН 
(axial) 


26.19 


быб COE ЕОС CO,Et 
Et t 
RCM = р. 2 2 RCM 

< 


а. Zr? OLS 


о о 
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26.20 
CI CH2CH2CH3 
a. or + — (CH3CHCH,),CuLi ~ 
В(ОСН М 
NaOH E 
N 
_ Pd(OAo; _ < 
© ға ~ P(o-oM), - | 2 
(СНАСН;)аМ " 
ја pev 
4 4g м __ Z 
[3] ве \ 
Br Pd(PPh ad 
x - ad ap d( Pd(PPhys — m 
NaOH 
f сню— в + #“содсњ, —Р ОАФ? | оңо У. 
Р(о-юУ)з CO;CH; 
(CH3CH2)3N 
1] Li 
[2] B(OCH3); 
[3] PAX + Pd catalyst 
ae 
[1] н- a 
h. (CH3)C—C=C—H 
[2] CeHsBr, РА(РРћз)4, NaOH 
26.21 


Br 


CO2CH3 CO2CH3 2 B 
d. Ly = r 
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26.22 
Each coupling reaction uses РаА(РРһз)д 
and NaOH to form the conjugated diene. S 9769 
А 
Г “ 
> 
xe» H 2" B 
\ > В eo 
H 
ethynylcyclohexane 1 
SS 
С 


It is not possible to synthesize diene D using a Suzuki reaction with ethynylcyclohexane as 
starting material. Hydroboration of ethynylcyclohexane adds the elements of H and B in a syn 
D fashion, affording a trans vinylborane. Since the Suzuki reaction is stereospecific, one of the 
double bonds in the product must be trans. 


26.23 Locate the styrene part of the molecule, and break the molecule into two components. The 
second component in each reaction is styrene, CsHsCH=CH). 


m" uu A. B: om ~ Br^ S = CY Su p 
=> => => 
Br Br Su. 


styrene part styrene part styrene part 
26.24 
HBr P EP 
Pad -ROR ANAA NBr + (У ћеш 
1-butene 2 octane 
[1] Li 
| [2] Cul 


H 
a. RAYA C. ЕЕ. 
KOC(CHs)3 < а KOC(CHs)3 
H 
H H 


о 


b | СН - <> Fm C» СНЫ 
` Zn(Cu) Я 2 ` Zn(Cu) 
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= С 
SN CHCl, ene CHCl /\ 
e. E f. = MEME С—С 
| 7 : KOC(CH3Js KOC(CHs)3 _Н 
cl CI [5 


26.26 Since the new three-membered ring has a stereogenic center on the C bonded to the phenyl 
group, the phenyl group can be oriented in two different ways to afford two stereoisomers. 
These products are diastereomers of each other. 


CHI, 


og "де 


26.27 High dilution conditions favor intramolecular metathesis. 


OH 
H — H 
У Grubbs N ОНУ OR Grubbs 
a. CX. catalyst (X2 с. ү catalyst у CO,CH; 
\ СОСН, я 
о о 


b. o~ ~~ Grubbs Q 
ZA catalyst = 


26.28 Retrosynthetically break the double bond in the cyclic compound and add a new =СН at 
each end to find the starting material. 


? COCH; COCH; 


Pe p - С) = р 


26.29 Alkene metathesis with two different alkenes 15 synthetically useful only when both alkenes 
are symmetrically substituted; that is, the two groups on each end of the double bond are 
identical to the two groups on the other end of the double bond. 


752 
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а. CH4CH,CH-CH; 
CH3CHsCH»CH=CHCH,CH3 + CHSCH;CH-CHCH;CHs + CH;CH;CH;CH- CHCH;CH;CHs 


T 

СНзСН»СН»СН=СН» + сњ=сн, (Z + E) (2+ Е) (2+ Е) 

b. = u— = This reaction is synthetically useful since it 
+ === yields only one product. 

c. 

En y E mv o ЊЕ ући TE 

==/ + == + снаснеснсна + CHGCH;CH-CHCH;CHs 
(2+Е) (Z +E) 

26.30 


27 x 
ар ааа о + 
о M о 
о о 
26.31 АП double bonds can have either the Е ог Z configuration. 
"ec «dy — / у 
| Љ — о 
26.32 
КОС(СНоја 
Вг соон CH302C COOH 
Pd(OA 2 
P(o-tolyl)3 


(CHgCH>)3N 
OO, mE OQ 
NHCOCHs "Рој 7 ЕТ NHCOCH; 


(CH3CH2)3N 
CH; CH3 


Pa(PPha)4 
d. В(ОСНу; + CH30 z / em СНзО 
abr. __РАФРР ANA 
e. 8, ^ NaOH © 


Br Br 
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о О. „== 
CY у Grubbs CX» 
talyst 
© catalys О 


+ 


Zn(Cu) 
Br Br 

h. 

(CH3)oCuLi 
Product in (a) 

p od xe qua d d = 
[2] Cul 
[3] ^w Br 


mox 
H-B 
'o /\ H 


> 


H 


ims 


CHsCH,—C=C—H 


Pd(PPh3)4 
NaOH 
26.33 
d "E 65 -- 
po CI—C: Nat + О=<с=0 - Cl с: + СО; + NaCl 
B . + 
:O: Ма Cl а 


26.34 This reaction follows the Simmons-Smith reaction mechanism illustrated in Mechanism 26.5. 


| 
[Jj ee Zn(Cu) CI =_=, + ZnBr, 
[1] Zn—Br [2] 


26.35 
~ ~ E " К 
М ОСНз 4 4.addition of the ЛП ОСН je OCHS + Bhgs 
S gt /_ sulfur ylide to the a resonance-stabilized о 
2 | В carbon епо!аїе methyl trans-chrysanthemate 


a sulfur ylide 
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diazo compound 


CO2CH3 
26.37 
| [1] БА [2] ГА» 
а. рат + Sy _pg— 
Pd(PArg)> Азр Pd: — AtgP—Pd—I 
oxidative addition syn addition 
PAS 
ArgP-Pd—1 
Cm 2 C) ja ~ Ра(РАгз) НІ 
їз); + 
S d syn elimination о reductive Mis 
" E H elimination 
“This H 
The H cis to Pd pite 


is eliminated. 
b. This suggests that the stereochemistry in Step [3] must occur with syn elimination of H and 
Pd to form E. Product F cannot form because the only H on the C bonded to the benzene 
ring is trans to the Pd species, so it cannot be removed if elimination occurs in a syn fashion. 


Br NaNH; aco] 
tot 20 осон С e» "o 


(Z)-2-bromostyrene 


26.38 


Pd(PPh3)4 
NaOH 


e 
© 


| Bro 


26.39 


РеВгз 


О 
eT Al ДО 
Ga : = РФ 
Ра(РРћа),, NaOH 
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26.40 
1 
но SN OOH S0C HOT SN I 
TBDMS-CI 
imidazole 
NaH _ 
нс=сн - нес=е“ + TBDMSO с СТУ У с 


о 
co : 
o 
О, Bu4NF 
‘BH 
o fe 


йы йызы LOOT У ` 

HC=C OTBDMS СІ В” ~ OTBDMS 
О 

26.41 


CHO / \ = Synthesize these two components, 
PES = \ CH30 / Ув + V) and then use a Heck reaction to 
E synthesize the product. 


у (Oe sie Oo во умесе. 
- OH 
HSO, 2 "Fac 2 
[1] Ман Br. 
€ So. 2 CH4O 4 у ш „| СНО / уь 
[2] CHsBr E E" 


РВгз 
CH4OH 
CH3CH,OH 
| socl, 
CH3CH2Cl 
О Nace te (Су-е, a. [7 
АСЬ 
а(ОАс)> / \ 
cho св - ~- CHO LUN um 
= P(o-tolyl); Ww / 
(сньсн,) N 
CH4CH;OH 
| Soc Br 
АС сно 
е 


Pd(OAc); CO2Et СОЕ 
~ „СОЕ! 
P(o-tolyl)3 
CH30 (CH3CH>)3N СНО “вес СНзО 
MgBr | [1] (2 equiv) 
CeO -—*-СУ awe 
FeBr3 
OH 


сно b С) 
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26.42 
Br Br 


Qon Eden S 
Br Br 
CHB 
ж tie ^ 
KOC(CH3)s 
| > ` = Cys = ©) 


(CH3CH2CH2CH3)2CuLi Сн» 


Zn(Cu) 
(from a.) 


LN О-о-о 
So Gos 


Zn(Cu) 
s a.) 
26.43 
«(0 XR on _Сно=СНо _ СНЫ» Су“ For an alternate 
F = "Pd(OAo, > Z synthesis of styrene, 
з МИ ids see Problem 26.41. 


(CH3CH>)3N J” 


b = СНСЊ 
` а! 
KOC(CH3)s а 


styrene 
(from a.) 
Br ~ „СОСН; x. LCO2CHs 
с. 
Ра(ОАс)> p 
(from a.) P(o-tolyl)3 


(CH3CH2)3N 


Вг oni =\\ Br^ и ES 
d. uLi - 
СУ Erb K # Ли L cr 


(from a.) 
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26.44 
[1] NaH 


а. НСЕСН Rea = к - EU 
r 
[2] ~_¢l "| a catalyst 


1] NaH 1] NaH N 

b. НСЕСН [а pur e с! ~ = ) | E 
2 2. 
uM VY 


+ enantiomer 


| О CH = 
PhP=CH3 | Zn(Cu) 
Br 
Br. LiBr 1] (CH3)>CuLi 
CH4CO;H Н5СОз, DMF [2] H2O 


| Ph4P-CH; 


[1] (СНагсиц CHCl, z. 
[2] “wo — KOC(CH3)s 
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26.45 
Either compound can be used to 


a. cH 00 joon = ch ў—в * &-( осн, synthesize the organoborane, so 
two routes are possible. 


Possibility [1]: 
Нас! Br; [1] Li 
QR oO Ey oO ns PO m 
АСЬ FeBr3 [2] B(OCHs)3 
Or еВг, s ) 


HNO3 в C та H2 А > " [1] NaNO;, HCI "Pam t 
- Br 2 - Br 2 - Br 
H»SO, V 4 Pd-C V 7 [2] HO V 7 
[1] NaH 
ll СНат 


&-( осн, 
— Pd(PPhs)4 = = 
CH; В(ОСНу; + Br OCH, > СНз OCH, 

V / NaOH \ Ff \/ 


Possibility [2]: 
Pd(PPhs)4 


1]Li 
в—( осн, ш (СНО); в— оо, * t NaOH 
[2] B(OCHj); 


(from Possibility [1]) (from Possibility [1 


hes OF те 


The! acidic OH makes it impossible to prepare an organolithium reagent 
from this aryl halide, so this compound must be used as the aryl halide 
that dim with the к from bromobenzene. 


Ож HNO3 оя [1] Мамо», НСІ 
Вг —- B > B 
H;SO, РеВгз | Бас a / ‘мно | 
[1] Li 
(CH30);B 
FeBrs [2] B(OCHs)3 


d(PPh3)4 
eee) - 
NaOH 
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с. \ 7 p ^ e B веря 


О 
This can't be converted to an organoborane 
reagent via an organolithium reagent. 


three 
CS (вос, (as іп 26.456) 
steps 
Breo HNO3 [1] Мао» HCI NaNO», HCI 
ОО Онон (O ee 
FeBra H2SO, ? (2] Но a 
Hg 


| 
| Буна не 


"m + B E = oe C / * # | nva? 


О 
26.46 
ЕОС СОБЕ 
EtO,C СОЕ 
Grubbs _ 
catalyst - 
Synthesis of starting material: 
1] NaOEt 1] NaOE ЕОС СОЕ 
CHo(COzEt), "E ^. ОН(СОЕ» BUR » 
е Cl [2 Los 
|ѕось 
Z^ ФН (вос, 
OH 
OTBDMS 
b. "— ur Grubbs 
< а catalyst 


Synthesis of starting material: 


PCC 
o NP 
но 
м ОН __РВіз | x в Mg аи М — TBDMS-CI 
imidazole 
OTBDMS 


Vahey 
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26.47 


7 | 
< . Grubbs | 
~ catalyst - 


Synthesis of starting material: 


SOCL Р. со» 
2 OH H250, 22“ “он 


H20 
О О 
© P > Мавы cM [1] NaOEt 9 
AlCl CHOH [2] d^ 
[soci 
и ње Grubbs ese 
ZN? ~ catalyst - N О 


РОН 
Synthesis of starting material: 
©-= О (T 
FeBra OH PCC CHO 
О H20 
Sed Н;50, Е mCPBA Z\ — 


> CH=CH, > | 
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26.48 
а сњ CI CH Cl CH, 
1] (CH3CH2CH2CH3)4N* F- 
CH4O N сно № [1] (СнзСнНгСнгСнг CH4O N 
ч УСО;СНа : 7CO;CHs [2] РСС : "CO,CHs 
LiCu а Sanne 
I 2 2 2 “CHO 
directed aldol 
[1] СНАСНО + LDA — "CH;CHO 
[2] HO* 
а CH 
CH,0 N 
3 "CO;CH; 
_ Several steps. 
Z~7~cHO 
A 
maytansine 
26.49 
NO; NH; OH ОСН OCH 
Br HNO; Br Hp Br [1] МаМО», HCI Br [1] NaH Br [1] Li CuLi 
a. ae 
Cy H5SO, Pd-C [2] H2O [2] СНА [2] Cul " 
Bra С МИ SS | 
OCH; OH OCH; 
H2O ES 
HSO, 
(2 enantiomers) 
OH OTBDMS 
[1] 050, T RM A TBDMS-CI тврмѕо 
b. AN” N” Aer Ве = Br 
[2] NaHSO,, Н.О imidazole TIT 
[2] Cul 
OTBDMS ud d 
TBDMSO ~ OTBDMS 
TBDMSO | 
Сиш 
2 
(CH3CH2CH2CH3)4N+F- 


OH 


Banna 


(2 enantiomers) 


о 
р ss но p 
ОБЕ SAK Bs Cree -— 


Pd(PPhs)4, NaOH 
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H 
470008. УРОША 
а. к ^ Ра(ОАс) > 
P(o-tolyl)3 
(CH3CH3)3N 


x. -CO2CH3 Zn(Cu) 
e. {уа + ZA ~COsCH3 Ра(ОАс), (Y ~ СН: 
P(o-tolyl)3 


(CH3CHa)sN (+ enantiomer) 
: P [1] Li oe mCPBA 
Br [2] Cul „сы Вг 
( ) (2 enantiomers) 
26.50 
О О 
Е Zw О — 
= cL = 
b A Jo, 2 SS 
О 
О о 
ү ш 
А А [1] НАНА 
A 2 / ee УМ 
PS COS рњо OH 
ЕОС СОЕ CO;Et OH 
[1] NaH (2 equiv) 
[2] Z^] (2 equiv) 
/ "E. 
О 
s 9L 


26.51 There is more than one way to form Z by metathesis reactions. One possibility involves ring 
opening of the bicyclic alkene followed by successive ring closures to generate the five- and 
seven-membered rings. 


ring open 
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26.52 


~ ,OCH;CH5 D 


I 
[e] О * \ 
` Pd(PPh H3O 
CX «COOL me мо (UE оно 
N О OCH;CH, NaOH N 
A B [o p jo 


OCH;CH OCH,CH и} + 
Соносу а > a HLOH: 
TT т " = ,2—00H,CH, —- _)—OCH,CH, 

МНЕ 7 N 
As Xs + HO P= + HO Pas 
2 | 
>" eli 
1 
\ Pt ва .. > ОСЊСНа 
N X5 N N 
+ нао“ resonance stabilized 
+ Н—ОСЊСНа 
26.53 
О РР} OFPPhs 
jc 


CHO. ^ xL lE OHO AT EN QUA 
H " pd m4 + PhP-O 
О О О 
X Y n" ^ 
Ph3P—: | 


CH0, „5 
сно ~ № 
[e 
o PhP 
P 


+ РРА; 


26.54 a. Reaction of a terminal alkene with the catalyst forms а metal-carbene that undergoes ап 
intramolecular reaction with the triple bond, generating a new metal-carbene. A second 
intramolecular reaction forms the bicyclic product. 


OSiEts OSiEts OSiEts ОЗЈЕЊ 
Tp bs | ES EN 
м, kl) 
A cyclization cyclization а two new C=C's 
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b. Two products are possible because the cascade of reactions can begin at two different double bonds. 


OSiEts ОЗЕ 
OSIEt, OSiEts 
|] a wp owe NN 
M 
/ <M) 
с 
Begin here. 
OSiEt; ОЗЕ ОЗЕЕЊ ОЗЕ 


C Begin here. 
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Chapter 27 Pericyclic Reactions 


Chapter Review 


Electrocyclic reactions (27.3) 


Woodward-Hoffmann rules for electrocyclic reactions 


Number of л bonds | Thermal reaction | Photochemical reaction 
Even Conrotatory Disrotatory 
Odd Disrotatory Conrotatory 
Examples 


The stereochemistry of a thermal electrocyclic reaction is opposite to that of a photochemical 
electrocyclic reaction. 


СНз • А thermal electrocyclic reaction with an even 
CH, B | E number of т bonds occurs in a conrotatory 
'CHs fashion. 
di - enantiomer 
Su. 
Chis " СНз ® A photochemical electrocyclic reaction with 
(2E,4E)-2,4-hexadiene ^ | an even number of т bonds occurs in a 
2 n bonds CH; disrotatory fashion. 


Cycloaddition reactions (27.4) 


Woodward-Hoffmann rules for cycloaddition reactions 


Number of x bonds | Thermal reaction | Photochemical reaction 
Even Antarafacial Suprafacial 
Odd Suprafacial Antarafacial 
Examples 


[1] A thermal [4 + 2] cycloaddition takes place in a suprafacial fashion with an odd number of 
т bonds. An antarafacial photochemical [4 + 2] cycloaddition to form a six-membered ring cannot 
occur, because of the geometrical constraints of forming a six-membered ring. 


КИР 2 СУ А а 


suprafacial H 


CH=CH; cis product only 
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[2] А photochemical [2 + 2] cycloaddition takes place in a suprafacial fashion with an even number 
of т bonds. An antarafacial thermal [2 + 2] cycloaddition to form a four-membered ring cannot 
occur, because of the geometrical constraints of forming a four-membered ring. 


СвН5 Сен C6H5 СвН5 
и hv 
с=с = >= EM 
/ \ suprafacial 
H " H cis product only 
CH=CH; 


Sigmatropic rearrangements (27.5) 
Woodward-Hoffmann rules for sigmatropic rearrangements 
Number of electron pairs | Thermal reaction | Photochemical reaction 


Even Antarafacial Suprafacial 
Odd Suprafacial Antarafacial 


Examples 
[1] A Cope rearrangement is a thermal [3,3] sigmatropic rearrangement that converts a 1,5-diene 


into an isomeric 1,5-diene. 
NUS ^ 24 
d ~ 


1,5-diene isomeric 1,5-diene 


[2] An oxy-Cope rearrangement is a thermal [3,3] sigmatropic rearrangement that converts a 
1,5-dien-3-ol into a 6, €-unsaturated carbonyl compound, after tautomerization of an 


intermediate enol. 
О. 
H хх 
<> 
37 [3.3] is 


1,5-dien-3-ol 6,e-unsaturated carbonyl compound 


[3] A Claisen rearrangement is a thermal [3,3] sigmatropic rearrangement that converts an 
unsaturated ether into a y,6-unsaturated carbonyl compound. 


М2 


unsaturated ether y,6-unsaturated carbonyl compound 
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Practice Test on Chapter Review 


1. a. Which of the following pericyclic reactions is symmetry allowed and readily occurs? 
1. a photochemical conrotatory electrocyclic ring closure of a conjugated triene 

a disrotatory thermal electrocyclic ring opening of a substituted cyclohexadiene 

a thermal [2 + 2] cycloaddition 

Reactions [1] and [2] will both occur. 

Reactions [1], [2], and [3] will all occur. 


Uie о» Ба 


b. Which of the following reactions requires suprafacial stereochemistry to be symmetry allowed? 
1. a photochemical [1,5] sigmatropic rearrangement 
2. athermal [8 + 2] cycloaddition 
3. a photochemical [4 + 2] cycloaddition 
4. Reactions [1] and [2] are both suprafacial. 
5 


. Reactions [1], [2], and [3] are all suprafacial. 


c. What product(s) are formed from the photochemical [2 + 2] cycloaddition of (3£)-3-hexene? 


ao nd ze 
AE oum У 
А 


— 


1. А only 

2. Bonly 

3. Conly 

4. Aand B 

5. A, B, and C 


d. What product(s) are formed from the photochemical electrocyclic ring opening of 
cis-3,4-dimethylcyclobutene? 


(2E,AE)-2,4-hexadiene 
(2E,4Z)-2,4-hexadiene 
(3Z)-1,3,5-hexatriene 

Compounds [1] and [2] are both formed. 
Compounds [1], [2], and [3] are all formed. 


Uode o9 Бо 
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e. What product(s) are formed by the [3,3] sigmatropic rearrangement of 1,5-cyclodecadien-3-ol? 


A B С 
1. А only 
2. Bonly 
3. Conly 
4. Aand B 
5. A, B, and C 


2. Consider the p orbitals of the terminal carbons of a conjugated polyene with like phases on the 
same side of the molecule (as in A) or opposite sides of the molecule (as in B), and answer each 


question. 


A B 
a. Which drawing is consistent with the ground state HOMO of a conjugated triene? 
b. Which drawing is consistent with the excited state LUMO of a conjugated diene? 


c. Which drawing is consistent with the ground state LUMO for a conjugated tetraene? 


3. What type of sigmatropic rearrangement is depicted in each reaction? 


Answers to Practice Test 


l.a. 2.a. А 3. a. [3,3] 
b. B b. [1,3] 
с. А 


орось 
We Bp fs 
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Answers to Problems 


27.1 


27.2 


Use the following definitions: 

e Anelectrocyclic ring closure is an intramolecular reaction that forms a cyclic product 
containing one more o bond and one fewer т bond than the reactant. An electrocyclic 
ring opening is a reaction in which а с bond of a cyclic reactant is cleaved to form a 
conjugated product with one more л bond. 

e A cycloaddition is a reaction between two compounds with л bonds that forms a cyclic 
product with two new o bonds. 

e Asigmatropic rearrangement is a reaction in which a o bond is broken in the reactant, 
the x bonds rearrange, and a o bond is formed in the product. 


< 
а. —— | electrocyclic reaction 
S » 


bond broken 
2 п bonds * З x bonds 


О О 


У“ ^ с bond formed 
b. +  He;C-CHe cycloaddition 


ХК с bond formed 


2 8 / ^ c bond formed . . 
с. = electrocyclic reaction 
хи 


4 п bonds 3 л bonds 
d. Se ne e 2 
m NL о bond formed sigmatropic rearrangement 
1 х bond 1 x bond 


6 bond broken 


a. For a bonding molecular orbital, the number of bonding interactions is greater than the 
number of nodes. 

b. For an antibonding molecular orbital, the number of bonding interactions is less than the 
number of nodes. 


For 1,3-butadiene: 
| Bonding | Nodes | Туре of MO 


Vi 3 0 bonding MO 
Wo 2 1 bonding MO 
үз* 1 2 antibonding MO 
ya* 0 3 antibonding MO 
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27.3 The molecular orbitals of all conjugated dienes look similar. 


b. Ground state c. Excited state 


$$$) + 


у j А у уз E excited state HOMO 


ground state LUMO 


38314 о. t 


4000 "+ + 


a. There аге 10 molecular orbitals from the 10 p orbitals of ће five л bonds. 
b. Five molecular orbitals are bonding and five molecular orbitals are antibonding. 


c. The lowest energy molecular orbital (1) has zero nodes. 


0000000000 " 


d. The highest energy molecular orbital (yio*) has nine nodes. 


3388888838 " 


27.5 То draw the product of an electrocyclic reaction, use curved arrows and begin at a л bond 
Move the л electrons to an adjacent carbon-carbon bond, and continue in a cyclic fashion. 


a. 


=== excited state LUMO 


Energy 


27.4 


ге- “draw _ 


Уа 
legs 


uo 
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27.6 Thermal electrocyclic reactions occur in a disrotatory fashion for a conjugated polyene with 
an odd number of т bonds, and in а conrotatory fashion for a conjugated polyene with an 
even number of x bonds. 


СвН5 Xe ^ CeHs x А Z 
E = 
disrotat 
CH 2 Isrotatory Ce HE conrotatory Sus 


2 1 bonds 


3 x bonds 


277 For an even number of n bonds, thermal electrocyclic reactions occur in a conrotatory fashion. 


Ap | ( X. 
2 c + enantiomer 
и 


27.8 Photochemical electrocyclic reactions occur in a conrotatory fashion Юг а conjugated 
polyene with an odd number of т bonds, and in a disrotatory fashion for a conjugated 
polyene with an even number of x bonds. 


Сен C,H 

Jee, Э 004 
: . t . 

сен 22 conrotatory CH SS" disrotatory EN 


4 enantiomer 


[The (E,E) diene is favored 
over the (Z,Z) diene.] 


27.9 The photochemical electrocyclic reaction cleaves a six-membered ring to form a hexatriene. 


7-dehydrocholesterol provitamin Оз 


27.10 Use the rules for electrocyclic reactions found in Answers 27.6 and 27.8. 


^ 
Е re-draw | > 
а у \=_ UE TM. + DC disrotatory 
3 x bonds 
+ enantiomer 


conrotatory 
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-— re-draw we 
5 и од г - | | + enantiomer 
9 № disrotatory 
З x bonds | мо 26 


conrotatory 


X 


27.11 Use the rules for electrocyclic reactions found in Answer 27.6. А reaction with three т bonds 
and a disrotatory cyclization is thermal. 


H 


27.12 Count the number of n electrons in each reactant to classify the cycloaddition. 


NCH, [2 + 2] cycloaddition 
a. * | | 
— сн, 


2n 2n (one possibility) 
electrons electrons 


ANO О 
b. (= e > А 7 [4 + 2] cycloaddition 
2 


Ат 2n 
electrons electrons 


\ Q 
© g u.c С [6 + 2] cycloaddition 
“— CH, 


бл 2n 
electrons electrons 


27.13 A thermal suprafacial addition is symmetry allowed in a [4 + 2] cycloaddition because like 
phases interact. 


LUMO of the diene 


“У 
» к Like phases interact. 


HOMO of the alkene 
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27.14 A thermal [4 + 2] cycloaddition is suprafacial. 


< 
CH 
-d = 2 А 
а. и + CH=CH; Уа C=. i / © 
Сн» 
(E,E) diene S 
CN eg № EN 
re-draw 
b. dd + = mit - /m мр“ ом А + enantiomer 
CN Co 
(E,Z) diene 
27.15 
СО;СНа 
HO 
COCH; о А 
а. / — 
— Н endo 
addition H 
О 
О 
СО>СНз СО2СНз 
b. diene HOMO занн 
D 
H О 
dienophile LUMO X 


О H 


The dienophile is under the diene, by the rule of endo addition (Section 16.13). 
The H's at the ring fusion are cis to each other, but trans to the СОСН; group. 


27.16 A photochemical [2 + 2] cycloaddition 1$ suprafacial. 


Cc Hs " Сне 
а. | ~ | " + enantiomer 
Se M 
CeHs Сен; 
О О 
a | 
b. m | T? ul + enantiomer 
Ни 
CN Сн; EN 


27.17 a. The photochemical [6 + 4] cycloaddition involves five л bonds (the total number of 
л electrons divided by two) and 15 antarafacial. 
b. A thermal [8 + 2] cycloaddition involves five л bonds and is suprafacial. 
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27.18 A photochemical [4 + 2] cycloaddition like the Diels—Alder reaction must proceed by an 
antarafacial pathway. This would require either the 1,3-diene or the alkene component to 
twist 180? in order for the like phases of the p orbitals to overlap. Such a rotation 15 not 
possible in the formation of a six-membered ring. 


excited state HOMO of the diene 


G 1-3 D 180° twist required 
LUMO of the alkene 


27.19 Locate the o bonds broken and formed, and count the number of atoms that connects them. 


D 1 
3 -—— с bond formed 
273 
a. e 
D 1 TD 


DN. 
с bond broken 
[1,3] sigmatropic rearrangement 


1 3 
b. Пе ~— с bond formed 
1 3 
2 
с bond broken 
[3,3] sigmatropic rearrangement 
27.20 
D 
7 1 
а M mu re-draw 3 D4 [1,7] 
^W 7 
5 6 


b, c. The reaction involves four electron pairs (three л bonds and one с bond), so it proceeds 
by an antarafacial pathway under thermal conditions, and by a suprafacial pathway 
under photochemical conditions. 


27.21 Draw the products of each reaction. 


СОСН; CH.0.C CH302C 
pw Ww Деши id VA Е udis d 
а. zv Z Pro S 
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OH Q 
№ [3,3] tautomerize 
с. 3o = 


27.22 Draw the product after protonation. 


H 
bu base YT [3,3] es protonation ee 
e << 


27.23 Draw the product of Claisen rearrangement. 


CHO 


SN [3,3] » [3,3] 
a. — 
COI c. Ger EO 


/ 


CHO 
27.24 
О 
а Д. р, 
o О / 05/0 
Su. H 


— + — CH=CH; 
metathesis 
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27.25 Predict the stereochemistry of each reaction using Table 27.4. 

a. A [6 + 4] thermal cycloaddition involves five electron pairs, making the reaction 
suprafacial. 

b. A photochemical electrocyclic ring closure of 1,3,5,7,9-decapentaene involves five 
electron pairs, making the reaction conrotatory. 

c. A [4 * 4] photochemical cycloaddition involves four electron pairs, making the reaction 
suprafacial. 

d. A thermal [5,5] sigmatropic rearrangement involves five electron pairs, making the 
reaction suprafacial. 


27.26 Use the rules found in Answers 27.6 and 27.8. 


pc cr 
@ м OR, a) ме 


A disrotatory 3 x bonds B disrotatory 3 n bonds 
hv XQ hv | “ 
(b) | 9 (b) Z 
conrotatory conrotatory 


27.27 Draw the product of [3,3] sigmatropic rearrangement of each compound. 


OH [9] 
[3,3] | tautomerization S 
OH 
О о OH 
jQ 
e Z 22 
b. — в 
[3,3] 


tautomerization 


27.28 Anelectrocyclic reaction forms a product with one more or one fewer л bond than the 
starting material. A cycloaddition forms a ring with two new с bonds. A sigmatropic 
rearrangement forms a product with the same number of x bonds, but the л bonds are 
rearranged. Use Table 27.4 to determine the stereochemistry. 


H 
А thermal electrocyclic ring closure 
a. * 3 bonds 
* disrotatory 
H 


3 x bonds 2 п bonds 
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"4 
ar A hv 
b. А H + — = 
2n а 2 л bonds 3n ponds 
thermal [1,5] sigmatropic photochemical electrocyclic 
rearrangement ring opening 
* 3 electron pairs e 2 п bonds in diene formed 
(214190) * disrotatory 


* suprafacial 


^ 2 new o bonds 


à 
Qd 


МСНСН; N(CH2CHa)2 


thermal [6 + 4] cycloaddition 
e 5 л bonds 
e suprafacial 


27.29 Use the rules for thermal electrocyclic reactions found in Answer 27.6. 


^ "E A 
: P в ен = = | 
n, disrotatory 27 re-draw = 
2 2 


conrotatory 


m 


З n bonds 2 п bonds 


27.30 Use the rules for photochemical electrocyclic reactions found in Answer 27.8. 


E 
hv US 
a. 2 | 
^,, conrotatory ZA 
| Е 


3 л bonds 
Although conrotatory ring opening could also form, at least in theory, an all-(Z) triene, steric 
hindrance during ring opening would cause the terminal CH;'s to crash into one another, 
making this process unlikely. 


22-22 
" JT "EM К A. ћу | 
re-draw x disrotatory 
T 


enantiomer 


o 
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27.31 Use the rules found in Answer 27.8. 


72 (~ 
re-draw 7 \ (Y disrotatory 
4 т bonds 
um um и, N hv 
К Ра we “te-draw — <) C | + enantiomer 
4 п bonds YY disrotatory m 


27.32 Use the rules found in Answers 27.6 and 27.8. 


a 
| — + enantiomer 
"az Te disrotatory Cr p 
3n bordi 
CI. + enantiomer 


= = 
Е 
| DES 
disrotatory E 
(one enantiomer) З т bonds 
" E 
ERE 2 
(опе enantiomer) 3 1 bonds 


27.33 The trans product is indicative of a disrotatory ring closure from the cyclic triene with the 
given stereochemistry at the double bonds. A disrotatory ring closure with a polyene having 
three x bonds must occur under thermal conditions. 


£ H 
= — cb 
z Е 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 779 


Pericyclic Reactions 27—15 


27.34 А disrotatory cyclization of a reactant with an even number of n bonds must occur under 
photochemical conditions. 


hv 
| Му 
H H 
M cis 


2 п bonds 


27.35 Use the rules found in Answers 27.6 and 27.8. 


H H 
А ћу 
"m CK ) disrotatory Я) Drs GE ) conrotatory Я) 
H ü 
cis 


N N 
3 л bonds З т bonds 


trans 
+ enantiomer 


27.36 Use the rules found in Answers 27.6 and 27.8. 


n E 
А 
1@ conrotatory 2 DO 
H 


Q 
P 
2 т bonds 

hv 

disrotatory 
2 
LI (A 10-membered ring cannot contain two E double bonds.) 
2 

R 


27.37 Since the reaction involves three л bonds in one reactant and two л bonds in the second 
reactant, the reaction is a [6 + 4] cycloaddition. A suprafacial cycloaddition with five л 
bonds must proceed under thermal conditions. 


two new o bonds formed 
on the same side 


| 
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27.38 The Diels—Alder reaction is a thermal, suprafacial [4 + 2] cycloaddition. 
О 


dha fe ced ~ of 


H © 
4 enantiomer 


27.39 A photochemical [2 + 2] cycloaddition 1$ suprafacial. 


hv a hv 
Bp c = 2 b. 2 = M. " 


27.40 A thermal [4 + 2] cycloaddition is suprafacial. 


EE М 
сосн T2 L0 соон 
2003 A 2 С УУ sac А d СОСН; 

а. — —— - di c. ———— + | 

7“ -со,сњ < Ç 7“ со,сњ < CH,0,C 

ы СО;СНа ue 

~ 

A „COCH COCH; 
b. 

'""COSCHs CO;CH; 


27.41 1,3-Butadiene can react with itself in a symmetry-allowed thermal [4 + 2] cycloaddition to 
form 4-vinylcyclohexene. 


[^ e SS 
Аы ^ 
4-vinylcyclohexene 


1,5-Cyclooctadiene would have to be formed from 1,3-butadiene by a [4 + 4] cycloaddition, 
which is not allowed under thermal conditions. 


^ 
Fo NS 

x — — 
wx e ~ 


1,5-cyclooctadiene 
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27.42 А series of three [2 + 2] cycloadditions with Е alkenes forms X. 


CO;CH;CHs 


27.43 Re-draw the reactant and product to more clearly show the relative location of the bonds 
broken and formed. 


2 2 
1 3 1 3 
22 
а. ie d "IE " ou 2“ 
re-draw EAA [3,3] 1 
2 2 
D 5 
5 
А BO 4 CDH 
id a dion = c С. 
redraw з SN yy [,5] | 3L 
D 1 
2 2 
3 3 
ZA XM “м 
p wo = а Е: 
d SCePs — po draw Со, [2,3] ео, 
‘So 
| 
Сене CeHs 


27.44 Draw the products of each reaction. 


H 
b [3.9] г СА [3.3] Ca 
O^, S 
о H 


[3,3] 


tautomerize 


27.45 a. Two [1,5] sigmatropic rearrangements occur. 


H1 


з 4 


H H 
5-methyl- T 2-methyl- 
1,3-cyclopentadiene 1,3-cyclopentadiene 1,3-cyclopentadiene 


782 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 27-18 


b. 
H 

1 

2 
—X— 
3 [1,3] 

5-methyl 
isomer 


2-methyl 


isomer 


A [1,3] sigmatropic rearrangement requires photochemical conditions not thermal conditions, so 
5-methyl-1,3-cyclopentadiene cannot rearrange directly to its 2-methyl isomer by a [1,3] shift. 


27.46 


3 © 2 д 
[ 1 
1 3 5 
5 


i 
4 - 20 OH 
[5,5] 2 4 H T 
| 2“ "di i 5 tautomerization 22 ~~ 


1 


27.47 
о О О о 
* PI — -> 
` OH CI pyridine Е. О ~ о _ Ss О 
А B 
re-draw 
Y 
OH о от 
The conversion of B to C isa Кош А 
[3,3] sigmatropic rearrangement 22 CO;H ~------ о os 
of an intermediate enolate. re-draw 33 
[3,3] ud 
EN SS 22 
С 


27.48 Use the definitions found in Answer 27.1. 


^ Ux РА | 
| an electrocyclic ring opening 
[1] 22 


2 пбопаѕ 
2 
dor SS 
|? VM z 
И 
6 
3 л bonds 
27 
A 
YT 
RU [3] 


3 n bonds 


3 1 bonds 
a [1,7] sigmatropic rearrangement 


Зл bonds 


Xx an electrocyclic ring closure 


2 1 bonds 
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27.49 


27.50 


XX 
D disrotatory 


E 
XX. 
D conrotatory 
C T 
VOL 
[3,3] 
Claisen 
HO 
dd [1] KH 


hv 
[2 + 2] 


С 


18-crown-6 


СОСН; 


“COCH; 


XZ, 


| к 
22 
diia 
ly о 
anionic oxy-Cope 
О 


жее ——— 
— 


tautomerization 


Pericyclic Reactions 27—19 


+ enantiomer 


[2] НзО* 


OH 
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27.51 The mechanism consists of sequential [3,3] sigmatropic rearrangements, followed by 
tautomerization. 


* source 


— o 


hi 
< 
> 


27.52 
Zoom 
н) | :В 
: ( 
В ia aa "- 4 HB* 
HO 707 О 
| а ger 
„^зе A | 
= H+ 
О LM 
K allyl vinyl ether T. n $ doi 
H + HB* H 5 Сон H 
B: 
27.53 
H 2 H 
65 "d eS oe b. 
conrotatory electrocyclic E disrotatory ring а 
H ring opening forming closure involving only H 


4 x bonds 3 of the 4 x bonds 
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27.54 
SCHs SCHs 
КЕ —Arü electrocyclic ring opening 
^ forming two x bonds 

OCH; OCH3 

CH3S А CH,S 
а | О О 
CH30 [4 + 2] СНО 
О cycloaddition но 
suprafacial 


27.55 The mechanism consists of a [4 + 2] cycloaddition, followed by intramolecular imine formation. 


H H 
\ 


proton 
transfer 


o NH» 
£ [4 + 2] 
~ 
О 


ü 
| 
H H 
о 
* но" 
27.56 
This bridged bicyclic system is cleaved. 
но 
> H 
[3,3] Ё A 
| OH 


This bond forms a new 
bridged ring system. 


796 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 27—22 


27.57 
:B KON 
ue " OCH;CH ^ 
20.62 == их = cub. oon, 
"hs 
* HB* 
fh n | 
о :0: о :0: о 40 . 
pu" г + CHjCHOF 
p. == “то *— cane, i 
р QC H |њо 
В 
| " CH3CH;OH 
н. Qe 
о) 0) m. " " 
x m :65 ce :0: 
О +:O0H —— eee — pw У па uc 
2 С“ C _ 
н-Он 
+ СО» Ez 
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27.58 Conrotatory cyclization of Y using four л bonds forms X. Disrotatory ring closure of X can 
occur in two ways—on the top face or bottom face of the eight-membered ring to form 


diastereomers. 
А 
СвН5 
4 x bonds 4 i ds 


conrotatory “—CO,CH; + enantiomer 
X 
Y 
disrotatory 
SN / \ 
= H H t H H 
< H 
СНБ х 9 CeHs 9 СвН5 
diene COCH \ \ 
гез СОСНа СОСН; 
р Р Г endiandric acid E endiandric acid D 
dienophile methyl ester methyl ester 
Only this stereoisomer has the 
side chain close to the six- 
membered ring for Diels—Alder. 
[4 + 2] 
Endiandric acid A has a free COOH 
group instead of the СОСН; group. 
methyl ester of 
endiandric acid A 
27.59 
О 
р О о О Сен 
Сен 675 
к ‚ СЕЧ“— ОСТ 
z^ A 
EI E Ce Hs o" о 
diene dienophile diene dienophile 


WE s б (О. dienophile А 
| О Ó diene Е 


diene  dienophile 


788 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 27—24 


OsCCH3 
OCCH; 
о O CCH; oy S 
C4Hg о EN [4 + 2] C4Hg € [3,3] oe 
$i ES < cycloaddition sigmatropic САН» О 
O CCH, rearrangement 
C4Hg OCCHs C4 Hs 


САН 
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Chapter 28 Carbohydrates 
Chapter Review 


Important terms 


e Aldose A monosaccharide containing an aldehyde (28.2) 

e Ketose A monosaccharide containing a ketone (28.2) 

• p-Sugar A monosaccharide with the O bonded to the stereogenic center farthest from the 
carbonyl group drawn on the right in the Fischer projection (28.2C) 

e Epimers Two diastereomers that differ in configuration around one stereogenic center 


e Anomers 


e Glycoside 


only (28.3) 
Monosaccharides that differ in configuration at only the hemiacetal OH 


group (28.6) 
An acetal derived from a monosaccharide hemiacetal (28.7) 


Acyclic, Haworth, and 3-D representations for D-glucose (28.6) 


CHO 
CHON нон снон 
O. H _|_ о. OH 
Haworth н H HO H H ИА 
projection OH H um — нон == OH H | 
id H—|—OH чо 
п Он H Он 
CHOH 
о anomer acyclic form В anomer 
CHO 
3-D representation | HO РОС 
H нес=он 
CHOH 


Reactions of monosaccharides involving the hemiacetal 
[1] Glycoside formation (28.7A) 


OH OH OH Р 
но О ROH HO 9 HO о 
en " 
HO HCI HO HO OR 
OH OH OH е 
OH OR 


o.-D-glucose 


Only the hemiacetal OH 
reacts. 
A mixture of о and В 


glycosides forms. 


a glycoside В glycoside 


[2] Glycoside hydrolysis (28.7B) 


OH OH OH 
HO OQ њо HO A оно а А 
но но HO OH 
OH OH 
OR OH — 


В апотег 


A mixture of о and В anomers 
forms. 


о anomer 
* ROH 
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Reactions of monosaccharides at the OH groups 
[1] Ether formation (28.8) 


OH OR 
jo o оо RO o e All OH groups react. 
HO BX RO e The stereochemistry at all stereogenic 
OHS OR n centers is retained. 


[2] Ester formation (28.8) 


OH OAc 
HO О Ac;O ог ДСО О e All OH groups react. | 
HO ӨН AcCI AcO OAc © The stereochemistry at all stereogenic 


pyridine AcO centers is retained. 


Reactions of monosaccharides at the carbonyl group 
[1] Oxidation of aldoses (28.9B) 


CHO [ COOH | | соон) œ Aldonic acids аге formed using: 
= —— ре ө Ag20, NH4OH 
== =, [О] ae CES БЕП к e Cu" 
1 = Sem • Br, ЊО 
БИЕ ро d e  Aldaric acids are formed with HNO;, H5O. 


CHOH CHOH COOH 


aldose aldonic acid aldaric acid 


[2] Reduction of aldoses to alditols (28.9A) 


CHO СНОН 
[| м | 
NN TN CH30H | 

CH20H CHOH 

aldose alditol 


[3] Wohl degradation (28.10A) 


TE ao . CHO e The C1-C2 bond is cleaved to shorten 
нон CHO an aldose chain by one carbon. 
— = [1] NH2OH —1— e The stereochemistry at all other 
— [2] АсгО, МаОАс ——— stereogenic centers is retained. 
EE [S] NBOUHS 1 e Two epimers at C2 form the same 


СНОН СНОН product. 
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[4] Kiliani-Fischer synthesis (28.10B) 


CHO CHO 
gue H——OH HO——H | 
> [1] NaCN, НС! EMEN _ | e One carbon is added to the aldehyde 
al Пан, Pd-BaSO, SERM ЕНЕ Oe end of an aldose. 
= == [3] Н40" EMEN EMEN e Two epimers at C2 are formed. 
SOM СНОН СНОН 


Other reactions 
[1] Hydrolysis of disaccharides (28.12) 


о 
H3O* о о 
" 
This bond is ES A. VA Duet M. 


OH OH 
A mixture of anomers is formed. 


[2] Formation of N-glycosides (28.14B) 


ООН Ho ea on. В СНОН мня 
Н Н —— NH HA + NB H 
i • 
xy | mild H* И я Two anomers are formed. 
он 398 OH он OH он 


Practice Test on Chapter Review 


1. a. How are the following two representations related to each other? 


СНгОН 1. A and B are anomers of each other. 
СНОН н о H : 
HO О 2. A and B are epimers of each other. 
HO OH Вн H 


3. A and B are diastereomers of each other. 
H H Он 4. Statements [1] and [2] are both true. 
5. Statements [1], [2], and [3] are all true. 


b. Which of the following statements is (are) true about monosaccharide C? 
OH 1. C is a D-sugar. 


HOG 2. The B anomer is drawn. 
Ho OH 3. C is an aldohexose. 
4. Statements [1] and [2] are both true. 


HO C 
5. Statements [1], [2], and [3] are all true. 
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c. Which of the following are different representations for monosaccharide D? 


CHO 
HOH 
нон HO „ОН rias HO „Он 
OH O. OH 
H—— OH Q H О 
1. 2. Н H 3. HO OH 
HO—-—H HO | Н OH 
а а HO он 
он OH 
CHOH | 
" 4. Both [1] and [2] are representations for D. 


5. Compounds [1], [2], and [3] all represent D. 


d. Which aldoses give an optically active compound upon reaction with NaBH; in CH3OH? 


CHO CHO CHO 
ШОН ДЕБЕ Ыы. НГ ОН д. Both [1] and [2] give an optically active product. 
1. HO—[—H 2. HO—|—H 3. нон 
Fist PP oR НГ ОН 5, Compounds [1], [2], and [3] all give optically active 
СНОН CHOH СНОН 


products. 


2. Answer each question about monosaccharide D as True (T) or False (F). 


OH 
О 
осо ом 
D 
a. D is a D-sugar. f. Oxidation of D with HNO; forms 
b. D is drawn as ап © anomer. an optically active aldaric acid. 
c. D is an aldohexose. g. C2 has the R configuration. 
d. Reduction of D with NaBH, іп CHOH forms h. Treatment of D with СИОН, НСІ 
an optically inactive alditol. forms two products. 
e. Oxidation of D with Br», ЊО forms an 1. Treatment of D with Ag;O, and 
optically active aldonic acid. СНУ (excess) forms two products. 
j. An epimer of D at C3 has an axial 


OH group. 


3. Answer the following questions about the three monosaccharides (A-C) drawn below. 


CHO CHO CH,OH 
H——OH HO——H но 1—0. он 
HO——H H—[—OH H i 
HO—-—H H—— OH М 4 
H——OH H——OH OH он 
CHOH CH;OH М 
А в 


Draw the о anomer of A in a Haworth projection. 

Draw the B anomer of B in a three-dimensional representation using a chair conformation. 
Convert C into the acyclic form of the monosaccharide using a Fischer projection. 

What two aldoses yield A in a Wohl degradation? 


рост 
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4. Draw the product of each reaction with the starting material D-xylose. 


CHO а. СЊОН, НС! 

H—— OH b. Мавн,, CH30H 

HO——H C. Bro, H20 

H——OH d. [1] NaCN, НСІ; [2] H2, Pd-BaSO,; [3] H3O* 
Сн;ОН e. Ac2O, pyridine 

D-xylose 


Answers to Practice Test 


1.а. 5 3 4. 
b.5 CHOH СЊОН o H 
с. 4 HO A он а. KOH H 
а. H H 
d.1 | он m [ 5 
2.a.T H OH + Вапотег 
b.F OH CHOH 
c. T b. HO tOo H——OH 
d.F SR p НТН 
e.T HO H—— OH 
£T CHO CHOH 
g. F H—— OH COOH 
h T c, нон H—— OH 
i F HO——H с. HO——H 
iT H——OH H—|— OH 
CHOH СНОН 
CHO CHO cio 685 
H——OH HO——H uisa "RM 
аа Б" H—— OH H—— OH 
HO——H + HO——H ee nel Ep aue ТЕЙ 
HO—.—H HO——H uibs; ЕИ 
EE NÉ ЕДИ ad сњон CH,OH 
CHOH CHOH 
СЊОАс H 
о 
ОАс Н + В апотег 
е н OAc 
H OAc 


Answers to Problems 


281 А ketose is a monosaccharide containing а ketone. An aldose is a monosaccharide 
containing an aldehyde. A monosaccharide is called: a ¢riose if it has three C's; a tetrose if 
it has four C’s; a pentose if it has five C’s; a hexose if it has six C’s, and so forth. 
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CHO 
СНОН 1 CHO 
| H—C- OH l 
k Па b. an aldopentos H-C- OH a pue 
а. a ketotetrose |, o 3 pentose c. an aldotetrose H—C- OH 
CH,OH it CHOH 
| CHOH ? 


28.2 Rotate and re-draw each molecule to place the horizontal bonds in front of the plane and the 
vertical bonds behind the plane. Then use a cross to represent the stereogenic center in a 
Fischer projection formula. 


ÇOOH COOH OHC. _ CHCH; CHO CHO 
а. сн.=С-он = CH,—|-0H с. С те-дгам _ нес=ењон = = н—[ сн.он 
CH;CH,OH CH4CH;OH HOCH; H HCH, CH;CH; 
radi re-draw rae CHO 9н CHO CHO 
b. aG 1-5 = HO-6-CH, = но—| сн re-draw E 
ноу : 3 i 3 d ме EMO dessaan > НО”С-=СНз = но— сн, 
CH3 H СН H 


28.3  Foreach molecule: 
[1] Convert the Fischer projection formula to a representation with wedges and dashes. 
[2] Assign priorities (Section 5.6). 
[3] Determine R or S in the usual manner. Reverse the answer if priority group [4] is 
oriented forward (on a wedge). 


3 
CH4NH; [1] CH2NH2 [2] CFUNHG [3] y CH2NH2 
a. сонат ——  Ql-6-CHBr ——> 4 Ci=Ĉ~CHBr2 —— D M. cue P. 
H H н S configuration 


2 
CHO CHO К 
b. + [1] : [2] eng (B СИ 


i. Ls ClCH — 4 Oi-C-H4 H forward 
iiis CH3NH; Gani < CH,NH; S configuration 
2 
ji [1] е [2] Ди EN 
m Г = С=б=н ——— 4 Ci-C-H4 -6-H H forward 
usd CH,OH CH,OH S configuration 
3 
3 
COOH [1] соон > Ln [3] EL. 


di ci—— CHBr — CleC=CH,Br ——- 4 CI=Ĉ~CHBr 2 — — (1) а-С-оњв 2) 


H H и мын. 7 S configuration 
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OHC CHO CHO 

еј HO——H 

re-draw HO H HO ——H 

"Gowet он — 7 нон = нон 

staggered to H OH нон 

eclipsed. CHOH CHOH 

28.5 

сно —R 
Heo S 
HO~C=H R 
dmn R 
Hr C-0H 
СН>ОН 
D-glucose 


28.6 A D sugar has the OH group on the stereogenic center farthest from the carbonyl on the right. 
An L sugar has the OH group on the stereogenic center farthest from the carbonyl on the left. 


CHO CHO CHO 
a H——OH HO——H HO——H 
H——OH H——OH HO——H 
HO-T—H HO]H—H н— ОН 
CHOH CHOH CHOH 
A B C 
OH group on the left: L sugar OH group on the left: L sugar OH group on the right: D sugar 


b. A and B are diastereomers. 
A and C are enantiomers. 
B and C are diastereomers. 


28.7 There are 32 aldoheptoses; 16 are D sugars. 


C2R ~ сно сно сно сно 

сз кы ен н——Он H—-—OH нон 
нон H——OH H—+-OH нон 
H—[-OH нон HO——H H—L—OH 
H—+-OH нон H—[-OH нон 
H—+—OH H—+—OH нон нон 
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28.8  Epimers ате two diastereomers that differ in the configuration around only one stereogenic 


center. 
epimers 
CHO CHO CHO 
H——OH | HO-—H H—.— OH 
H——OH H——OH апа HO——H 
CHOH CHOH CHOH 
D-erythrose D-threose L-threose 
28.9 a. D-allose and L-allose: enantiomers 
b. D-altrose and D-gulose: diastereomers but not epimers 
c. D-galactose and D-talose: epimers 
d. D-mannose and D-fructose: constitutional isomers 
e. D-fructose and D-sorbose: diastereomers but not epimers 
f. L-sorbose and L-tagatose: epimers 
28.10 
CH;OH CH;OH CH4OH CH4OH 
с=0 C=O C=O C=O 
a. HO——H H—— OH b HO——H c HO——H 
H—— он HO——H HO——H H—— OH 
H——OH HO——H H——OH HO——H 
CH;OH CHOH CHOH CHOH 
D-fructose L-fructose D-tagatose L-sorbose 
enantiomers 
28.11 
Š CH;OH Снгон 
лаве С=О 
HO—|—H нон 
H——OH HO——H 
H——OH H—— OH 
CHOH CHOH 
D-fructose D-tagatose 
28.12 


Step [1]: Place the O atom in the upper right corner of a hexagon, and add the СЊОН group 


on the first carbon counterclockwise from the O atom. 
Step [2]: Place the anomeric carbon on the first carbon clockwise from the O atom. 
Step [3]: Add the substituents at the three remaining stereogenic centers, clockwise around 


the ring. 
CHOH Сн;ОН j da 
а. Draw the o anomer of: ul о [2] он в нд H 
CHO à ü н. wm 
OH HO OH 
aa es OH OH 
H—— OH D sugar, CHOH о. anomer First three substituents are 
н— он is drawn up. OH is down on the right so they are 
for a D sugar. drawn down. 
H——OH =<— farthest away C, 


CHOH ОН on right = D sugar 
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b. Draw the a anomer of: H H 


CHO О о, OH 
TON S [1] «(онгон > [2] «онгон > 
HO——H H H H 
н— он L sugar, СНОН The о: апотег The first two substituents are 
is drawn down. has the OH and on the left so they are 
HO——H СНОН trans. In drawn up. The third is on 
CHOH an L sugar, the the right, drawn down. 


farthest away C, OH must be drawn up. 


OH on left 
= L sugar CHEER 
2 
c. Draw the В anomer of: СН2ОН СО H O. OH 
[1] o. g RH з] KH 
CHO H H H OH 
HO—|—H H HO H 
нон онн 
D sugar, СНОН p anomer The first substituent is 
Н—— OH is drawn up. OH is up for on the left so it is 
Нон < a D sugar. drawn up. The other two are on 
farthest away C, the right, drawn down. 


CHOH OH оп right = D sugar 


28.13 To convert each Haworth projection into its acyclic form: 
[1] Draw the C skeleton with the CHO on the top and the CH2OH on the bottom. 
[2] Draw in the OH group farthest from the C=O. 
A СЊОН group drawn up means a D sugar; a СЊОН group drawn down means an 
L sugar. 
[3] Add the three other stereogenic centers, counterclockwise around the ring. 
“Up” groups go on the left, and “down” groups go on the right. 


"€ СЊОН is ир = 
pO OE dud m Ls CHO CHO CHO 
SH dcc Он ом T B [ 
a. H T H | 
H H — — нон 
OH OH p E m HO——H 
| — H——OH = H——OH 
"down" groups CH,OH CH,OH CHOH 
on right то, = 
СН»ОН is down = 
L sugar 
H CHO CHO CHO 
[1] [2] [3] 
b. — —— HO——H 
— HO OH —_| PERS ERES н— OH 
Ш Ш Е => m => H——OH 
down" groups 
on right "up" group “НО " HO——H 
on left CHOH CHOH CHOH 
OH on left = 


L sugar 
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28.14 To convert a Haworth projection into a 3-D representation with a chair cyclohexane 


[1] Draw the pyranose ring as a chair with the О as ап “ир” atom 
[2] Add the substituents around the ring 


O is an "up" atom. 
CH,OH | одн 
НО о OH [1] О [2] Ho 
a H H V НН OH 
H H H OH 
HO H 
OH он 
H O is an "up" atom H 
H edd | pn With ial 
Е CH;OH [1] [2] но Ко ith so many axial groups 
H O о 
HO OH TA 
OH H 


H this is not the more stable 
conformation of this sugar 


HO \ "он 


он 


28.15 Cyclization always forms a new stereogenic center at the anomeric carbon, so two different 
anomers are possible. 


Two anomers of D-erythrose 
CHO 
нон H о H H o OH 
H——OH H H H H 
H OH H H 
HOH 
CH20 OH OH OH OH 
D-erythrose 
28.16 
HO 
а. HO HOO CH4CH,OH Ho- 
HO OH на H OCH;CH3 
H OCH2CH3 
B-D-mannose 
OH „он OH OH 
о CH3CH2OH 
Б. H HCI OCH2CH3 
OH HO |, 
OH OH OH О осњсн, OH 
a-D-gulose 
CH;OH о СНОН о OCH;CH, СНОН о CH,OH 
H HO езШ и А HO + KH HO 
c. H CHOH HCI H CHOH H 
OH H OH H 
B-D-fructose 


| OCH2CH; 
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28.17 
(C "ЯР j 
x s + 
HOCH, 6 :OCHSCHs HOCH, © :ОСнСНз HOCH; 5) LH " 
Ho H == Н Н «ње: -—» KH ^H + CHCH;ÓH 
H H H H H 
OH OH OH OH OH OH 
| resonance-stabilized 
carbocation 
H 
осн, о " 
H 
H 
OH OH 
Hé № 
HOCH, 5. Юн HO: HOCH, 6 :ÖH 
ut sm A ана 
H H H H 
HOCH, о OH OH OH OH 
.. + 
H H 
H 
en we HOCH 
planar carbocation H20: 2 О H HOCH, О H " 
Нн " H Н H НИ + НзО* 
below H ОН H OH 
OH HO үр УГА OH HO 
Н2О: 
28.18 
a. All circled О atoms are part of a glycoside. OH b. Hydrolysis of rebaudioside A breaks each bond 
indicated with a dashed line and forms four 
он molecules of glucose and the aglycon drawn. 


rebaudioside A 
Trade name: Truvia 


Z2 H 
„=о  8aglycon 
HO 


Both anomers of glucose 
are formed, but only the В 
anomer is drawn. 
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28.19 
OH „Он cho ett 
fe Ag;O o 
а но OH сва — CHO och; 
OH CH3O 
H H 
OCH>CgHs 
OH „Он CgH5CH20 
о ман 
b. Ho OH Q,H.CH,C| — C&H;CH;O OCH?CeHs 
OH C;H,CH2O 
H H 
Сен СНО ОСНС5Н5 CsH5CH20 OCH2C6H5 
C. [0] H3O* О 
CgH;CH2O OCH2CgHs CgHsCH,0 OH + аапотег + НОСН,С5Н5 
Ту) C&H&CH20 
H H 
OH „Он OAc _„ОАс 
о Ac;O fe 
d. HO он рупате Асо ОАс 
он Асо 
H H 
OH „он о CeHsCOO 2 ОбОбаНЬ 
9 t cs а. pyridine E 
е. но A OH ehs pyridine ^ — c HsCOO OOCC4H; 
Н сањсоо | 
о СЕНСЊО —..OCH; Cu Hs 
f. productin (c) + C 
Сена“ "CI idi + о апотег 
ae pyridine с HOD OCOCH; 
H 
28.20 
CHOH CH,OH CH,OH 
=O H—|—OH HO——H 
нон NaBH, HO——H HO——H 
+ 
HO——H CH,OH HO——H HO——H 
H—— oH H—|—OH H—— OH 
CHOH CHOH CHOH 
D-tagatose D-galactitol D-talitol 


28.21 Carbohydrates containing a hemiacetal are in equilibrium with an acyclic aldehyde, making 
them reducing sugars. Glycosides are acetals, so they are not in equilibrium with any acyclic 
aldehyde, making them nonreducing sugars. 


hemiacetal acetal hemiacetal 
CHOH 
HO О on/ СНОН о H 
a. BH H b. H H с. 
H H H OCH;CH; 
H он OH OH 
reducing sugar nonreducing sugar 


lactose 
reducing sugar 
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28.22 
CHO COOH CHO COOH 
a. HO——H АдгО HO ——H c. НОН HNO; HO H 
H——OH NH,OH H——OH нон LO OH 
H—| OH н—–он H—— OH H—— OH 
СНОН CH;OH CHOH COOH 
CHO COOH 
p НТН Br, HO——H 
H——OH H7O н— он 
H——OH H——OH 
CH;,OH CHOH 


28.23 Molecules with a plane of symmetry are optically inactive. 


CHO COOH 
a CHO COOH нон нон 
SE а КК жены» Шш C. нон HO—-—H 
H—1—OH H—— OH нон HO ——H 
СНОН COOH н— он н— OH 
D-erythrose optically inactive CH,OH COOH 
D-galactose optically inactive 
CHO COOH 
HO ——H HO ——H 
HO H - НО H 
b H——OH H—— OH 
СНОН COOH 
D-lyxose optically active 
28.24 
CHO CHO 
HO ——H Н— OH CHO 
Н— ОН ör Н—— OH H——OH 
HO——H HO——H HO——H 
H——OH H——OH H——OH 
CHOH CHOH CHOH 
D-idose D-gulose D-xylose 
28.25 
CHO CHO 
CHO сне смо ie HO—|—H H—|—OH 
нон HOSTEM EN ON H- OR H——oH H——oH 
аа poH HOSTEM E HOTA b. H-P OH —— yon © noH 
CH,OH ОН М9" Ра H—|—OH нон 
CHOH CHOH CH;OH 
D-threose 


CHOH CHOH 
D-ribose 
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CHO CHO 
CHO 
HO——H H——OH 
H—— OH 
H——OH H—— OH 
HO——H 
— нон + нон 
HO——H 
HO——H HO——H 
H——OH 
H——OH H——OH 
ordi CHOH CHOH 
D-galactose 2 = 
Possible optically inactive D-aldaric acids: 
CHO COOH COOH 
OH нон | | H——OH 
OH <= өн- -| Planeof | |, 
symmetry => 
OH H OH H—++ OH 
СНОН соон| соон} 
А! 


This OH is on the right for a D sugar. 


There are two possible structures for the D-aldopentose (A' and А"), and the Wohl degradation 
determines which structure corresponds to A. 


Product of Wohl degradation: 


This is A. 


CHO 
H—]— OH CHO COOH COOH 
нон Wohl нон  [Ol, нон нон МО] 
H—|— OH H—|—OH H on H—]—OH 
СНОН СНОН COOH COOH 
A’ optically inactive optically active 
Since this compound has no plane of symmetry, its 
precursor is B, and thus A" = A. 
28.27 
CHO CHOH CHO 
HO——H HO ——H HO ——H 
H—— OH H——oH rotate нон 
HO——H нон 180* нон  Didose 
Н— OH Н— OH Н— OH 
СНОН CHO СНОН 


\ identical | 
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Optically inactive alditols formed from NaBH, reduction of a D-aldohexose. 


CHO СН>ОН 
H——OH H—— OH 
H——OH NaBH, H—— OH 
H——OH - OH 
H——OH H—— OH 

CHOH CHOH 

А' optically inactive 
CHO COOH 
H——OH [о] нон 
нон — "=> 
нон H—— OH 
CHOH COOH 

B' optically inactive 


15 


Carbohydrates 28— 
CHOH CHO 
H—— OH H——OH 
HO ——H NaBH, HO——H 
HO H о H 
H—]— OH H——OH 
CHOH CHOH 
optically inactive A" This is A. 


COOH 


HO——H [о] 


COOH 
optically active 


This is B. 


Two D-aldohexoses (A' and A") give optically inactive alditols on reduction. А" is formed from В" 
by Kiliani—Fischer synthesis. Since В" affords an optically active aldaric acid on oxidation, В" is B 
and A" is A. The alternate possibility (A") is formed from an aldopentose B' that gives an optically 

inactive aldaric acid on oxidation. 


28.29 


PE o 


28.30 


AS Е 
HO y 
а Lo 


ns pond 


a-D- TEM 


waits, ncn. 


B-D-glucose 


MS ы 


N possible anomers here. B OH is drawn. 


cellobiose 


The same products are formed 
on hydrolysis of the œ and В 


anomers of maltose. 
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28.31 
"T 
OH О 
OH 
a OH HO PG fe) 
4 о E HO 
4 NHO g В oho b. HO 1 dextran 
о Оно 1 1 HOG 
p HO 1 
6 
О 
Ноно 1 
ноо 
6 
о 
Ноно 
HO 
28.32 
OH OH OH OH ; 
О О, О О > 
О 
ino Оно Оно Оно 
NHAc NHAc NHAc NHAc 
chitin—a polysaccharide composed of NAG units 
OH OH | OH OH ; 
à ош оа о о“ 
SCA ор Одо Оном 
NH3 МН» NH2 2 
chitosan 
28.33 
CHOH CHOH CHOH 
о-н о H О NHCH 
онд CH4NH онд онд СНз "Tm 
i OH H mild Н+ он H : он H p 
H OH | H NHCH3 H H 
H Он H Он H Он 
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28.34 
ОН _ ОН _ OH | OH.. 
О: О: + HO О: ot ss 
HO г. HO Ж. = с HO + HO 
но OH HO COH» HO n HO N as 
H + H OH OH 
он NCS, 9 
. + НО 
CH,CH;NH Ei "am Ma 
ЗУП На О: H20: HO "y ne Е 
HO 
HO Мнсњсњ === HO NHCH,CH, + Нз" 
above HO OH 
OH. 
HO Q 
dd M OH 
OH T 
on: HO о: B 
[below HO LL. HO * но“ 
S m HO un OP NHCH,CH 
А 
CH3CHNH3 NHCH,CH; |). puits 
3. 
H20: 
28.35 
О О 
NH / NH 
а cr p e | A 
HO-CH; N^ ^O HO-CH; N^ “мн, 
— H 
H 
OH он ОН 
28.36 


a. Two purine bases (А апа С) are both bicyclic bases. Therefore they are too big to 
hydrogen bond to each other on the inside of the DNA double helix. 

b. Hydrogen bonding between guanine and cytosine has three hydrogen bonds, whereas 
between guanine and thymine there are only two. This makes hydrogen bonding between 
guanine and cytosine more favorable. 


LN 
ge Y. са“ “ 
А н Y N Мен A | 
AM NET < Í OR 
N—^w^"w-M cytosine Ре 
H H С Н 


шне guanine 
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28.37 
H 
He CHO CHO 
HOH H OH Он Нион H—— OH 
а. HO. A А „оно rotate Но d ја нон 
ds "'OH Convert нејчон ^ H—— OH 
H ORE он speed to H=— OH н— он 
eclipsed. 
n CH;OH CH;OH 
CHO CHO 
OHC 
нон H OH H=+—=OH H—— OH 
b. НО А Х „СНО rotate DEM  re-draw НОН HO—[—H 
E Convert Нон = нон 
HO H HOH ве to H= OH н— он 
кырт CHOH CHOH 
28.38 
CHO 
HO o 9H CHO OH H—— OH 
H—— OH нон 
= HO Lu b 
H—— OH —— он 
H OH 
OH OH H—— oH OH OH H—— OH 
"n CH,OH У CHOH 
В апотег D-ribose о апотег D-allose 
28.39 Label the compounds with R or S and then classify. 
CHO H BB H OH CHO 
H—|-0H а. CHCH,-C-OH b. Е а V "s 
CH;CH 5 t CH,CH; ^ "CHO но“, СН2СНз 
2873 CHO H OH зе? H 
A R R 8 S 
R identical identical enantiomer enantiomer 
28.40 Use the directions from Answer 28.2 to draw each Fischer projection. 
COOH a H H 
a. - oo d. 4 re-draw E _ $ 
CH-C-Br = сн в ohoh АН ОО > ОнзОн;”—С-=С! = сњсњ с 
A H Br Br Br 
CH 
as CH Уз CH; 
! redraw $ si^ H=C-=Br н] в 
bi CHa Gch 777 = неб-ве = St er e. ја 
| & а се зн өл 
CH;CH 2CHs 
снзо, OCH;CH; Fili. SH "ia а а 
5 re-draw CHy—C—CH;CHs = СНз CHCH; © H el 5: 5 
AMD UMEN си = | \В S/  ге-фам Br-C-H _ ВН 
СН; CH2CHg OCH,CH3 OCH,CH3 он esos Hd = 
ве Хен ССВ = Cl-}—Br 
а! Вг R: 


H H 
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C Ho red 
\ s,Br re-draw 
єў a mem - 
" 
Br CH3 


HeC-Br = H $ gr 
Br-C—H = Br-S}-H 


СНз 


CHO 


HO H 
CH; 


Carbohydrates 28-19 


CHO CHO 

LH 

HO-C-H нон 
H-C-OH нон 
CH,OH CH;OH 


28.41 Epimers are two diastereomers that differ in the configuration around only one stereogenic 


center. 


28.42 
CHO CHO 
но——н H—1—OH 
аа H—LOH нон 
нон | HO—-—H 
сњон CH;OH 


D-arabinose enantiomer 


28.43 

CHO CHO 

HO——H HO——H 
H—— он нон 
H—— OH H—— OH 

H—— OH HO——H 
CHOH CHOH 

A B 


a. A and B epimers 
b. A and C diastereomers 


28.44 
н он 
OH H H 
OH H ан 
н Yo Ou. “ОМ 
H 
A B 


CHO 
H—— OH H—— OH 
HO ——H HO ——H 
Н—— OH HO ——H 
с4— CHOH CHOH 
D-xylose L-arabinose 
CHO CHO 
HO——H нон 
b. нон 9. нон 
сз нон нон 
СН2ОН CHOH 
epimer diastereomer 
(but not epimer) 
CHO СНОН 
H—— OH С=О СНОН 
HO H H OH H 
HO—-H H—— OH B OH 
H OH H OH OH 
СНОН СНОН OH H 
С D E 


c. Band C enantiomers 
а. A and D constitutional isomers 


constitutional 


isomer 
но ОН 
НО o 
HO OH 
F 


e.EandF diastereomers 


a. anomers, epimers, diastereomers, reducing sugars 
b. 


D-xylose 


CHO 
EN ко This is th lic form of 
is is the acyclic form o 
н їн POT both A and B. 
H—— OH 
en CH,OH 
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28.45 Use the directions from Answer 28.12. 


CHOH CHOH CHOH 
a. B-D-talopyranose [1] О [2] O. OH зо о OH 
CHO H H Нн OH | 
== H H 
HO——H da 
HO——H D sugar, CHOH В anomer 
HO——H is drawn up. OH is up for 
a D sugar. 
H——OH ~— farthest away C, 


CHOH OH оп right = D sugar 


D-talose 
CH,OH CHOH 
b. B-D-mannopyranose ee 2 "t 2 ae 
i) 4 [7 [3] Ни 
CHO Нн oH 
HO ——H H ОН H 
H H 
HO——H D sugar, CH;OH В апотег 
H—— OH is drawn up. OH is up for 
a D sugar. 
H—— OH =— farthest away C, 


CHOH OH onright = D sugar 


D-mannose 
CH,OH СНОН CHOH 
с. о-р-даіасіоругапоѕе о 
CHO Hj H 
H—— OH OH H OH 
н Он 
HO——H D sugar, СН>ОН о anomer 
HO ——H is drawn up. OH is down. 
H——OH =— farthest away C, 


CHOH OH on right = D sugar 


D-galactose 
CHOH, CHOH н ЈЕНИ 
d. a-D-ribofuranose [1] K Ра [2] K P И не 
H H он H OH 
Te o, anomer an РМ 
H——OH D sugar, CHOH : 
H——OH is drawn up. OMIS down: 
H——OH -— farthest away C, 


CHOH OH on right = D sugar 
D-ribose 
CHOH CHOH 


e. o-D-tagatofuranose CH20H СН>ОН CH;OH Oh ~ OH 
[1] MD. [2] и [3 kyo 
CHOH 
= H H OH H OH 
C=O H H 
HO—T—H D sugar, CHOH a anomer 
HO——H is drawn up. OH is down. 


H——OH ~— farthest away C, 
CHOH OH on right = 0 sugar 


D-tagatose 
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28.46 
CHO 
a 
нон OH-— D sugar 
HO 
HO——H ie 
HO——H HO | 
= о апотег OH 
CHOH 
farthest away C, 
OH on right = D sugar 
CHO 
OH-—D sugar 
b. нон HO и 
H——OH О 
HO——H он OH), 
нон о апотег 
СЊОН 
farthest away C, 
OH on right = D sugar 
CHO 
OH-— D sugar 
^ нон nof a 73 
H—— OH 0 
HOH OH он 
HSMN о anomer 
CHOH 


farthest away C, 
OH on right = D sugar 


28.47 Use the directions from Answer 28.13. 


" Ш СН ОН 15 up = 
up" group 2 
onleft СОН -— D sugar [1] 
а — - OH O. OH 


OH -— "down" group 
S on right 
up" group 

on left 


СН»ОН is down = 
"up" group L sugar 
on left 


—0H 


[1] 


OH 


| "up" group 
"down" group on left 
on right 


Carbohydrates 28-21 


-— D sugar 
О 

-O 
HO OH 


B anomer 


OH 
нон 


-— D sugar 
но? 4 


О 
OH 


ÓH OH 
B anomer 


HoOH=— P sugar 


HO 
-O 
OH 
OH 
В апотег 
CHO CHO CHO 
[2] [3] 

> —|— н— он 

—— —— HO——H 

—L— — HO——H 
—L— н— он -— H——OH 
СНОН СНОН СНОН 

OH on right = 
D sugar 
CHO CHO CHO 
[2] [3] 

—— —— HO——H 
—— —[— H——OH 

—L— —— HO—.—H 

~HO——H HO——H 
СН>ОН CHOH CHOH 

OH on left = 
L sugar 
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CH5OH is up = 
OH CHOH = D sugar 
CHO CHO CHO 
H о oH [1] [2] [3] 
HO — _ — 
c. HO О H HO——H 
dio H ni — —— H——OH 
OH os | —> —> H——OH 
OH H — H—|—OH- нон 
СН>ОН СНОН CH;,OH 
OH on right = 
D sugar 
CHO 
OH H—— OH 
О —— CHO 
а HO бй H—— OH Д 
н— он o H H H OH 
он OH f. HO Е - 
H—|—OH HO Е OH н = HO H 
СНОН HO OH OH H OH 
OR СНОН 
D sugar СН2ОН H OH 2 
е. HOCH? о OH б=о 
H——OH 
Н сњон нон 
OH 
on H——OH 
CHOH 
28.48 
CHO 
HO——H а. CHOH он CHOH H b. 
H OH H H 
—— Ноно H oH o o 
H—[—OH 1 .oHC 1 0 HO H о H © 
H—— OH ) i) 
H OH OH H OH OH 
CHOH OH H OH H OH H OH H 
D-arabinose В апотег о anomer two anomers in the pyranose form 
28.49 
Two anomers of D-idose, as well as two conformations of each anomer: 
OH..OH -— equatorial СНОН group OH 
OH — axial 
о anomer HO О on 
OH OH HO 
4 axial substituents 4 equatorial OH groups 


More stable conformation for the œ anomer—the 
СЊОН is axial, but all other groups are equatorial. 


OH -——— equatorial СНОН grou OH axial 
OH OH q 2 g p Z— OH : 
axial 


В апотег OH 


HO 97 он 
OH HO 
3 axial substituents 3 equatorial OH groups 
The more stable conformation for the B anomer—the 


СЊОН is axial, as is ће anomeric OH, but three 
other OH groups are equatorial. 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 811 


Carbohydrates 28-23 


28.50 
CHO осн, СвНьС00 L ооссењ 
а. СНА, Ag;O pom f. CeH&COCI, pyridine 
СнзО © оосс,н 
сњо осњ CsH5COO босун; dii 
HO он © _он | . OCH; осн 
о b. СНЗОН, HCI [e] g. The product in (a), then НО Fi 
dB Hb) + Вапотег + В anomer 
OH OH HO ОСНа сн oe OH 
р CsHsCH2O L i CH. ° 
-gulose Е | idi OA nomer 
с. САНЕСЊСЋ Ag;O [e] h. The product іп (b), then Ac?O, pyridine c oac * В anome 
О осньсьн ee 
CgHsCHO (сае OAc 
аб 2615 ОАс OCH 
OH i. The product іп (g), then CeH5CH;CI, Адо 
о СНзО OCH 
d. СеНБСН»ОН, НСІ + В апотег о + Banomer 
HO 
OH ОСЊСЕН 
25675 СНО 
tis CH4O OCH;CHs 
OAc j- The product in (d), then CHI, Ад20 
T О 
е. Ас5О, pyridine 
CHO осн, 
OAc о 
ОАс ОАс + В апотег 
CH3O 
CH4O OCH CgHs 
28.51 
OH COOH 
a. СНАОН, НСІ оф d. Bro, НО HO——H 
Ho + Вапотег H—— OH 
CHO он OCH; H——OH 
HO—T—H H—— OH 
H——OH b. (CH3);CHOH, HCI e СНОН 
нон uo о COOH 
NN ИЕ + Вапотег 
BH P e. HNO3, ЊО HO——H 
CHOH OH OCH(CH3)2 нон 
D-altrose CHOH H—— OH 
. NaBH4, CHOH 7 
с. мавн,, СНзО нон H—— OH 
H—— OH COOH 
H—— OH 
H—— OH 
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CHO 
OCH; 
f. [1] NH2OH H——OH h. CHgl, Ад20 OCh 
[2] (CH3CO)20, NaOCOCH3 H—— OH СНзО г foa 
omer 
[3] NaOCH3 H—— OH Bo | 
CH;OH Mis з 
" sp С 
CHO CHO i. Ас2О, pyridine ОАс 
о а AcO -O + Вапотег 
g. [1] Nacn, на НОН нон 
[2] Hə, Pa-Baso, НОН НОН OAc OAc 
[3] Н40" H—— OH H—1—OH 
нон H——OH | CeH&CHoNH;, mild Н+ ӨН 
H——OH H——OH m о 
CHOH CHOH + В апотег 
OH | NHCH;CeHg 
28.52 
OH OH 
H,O* . ы 
monosaccharide aglycon 


(both anomers) 


aglycon 
solanine monosaccharide OH 
HO OH (both anomers) 
OH НО, „О HO б 
+ 
HO “OH Ho* ~~ “он 
OH OH 
monosaccharide monosaccharide 
(both anomers) (both anomers) 
28.53 
CHO оно 
н— он CHO HO——H 
HO——H HO——H НО——н 
H——OH H—— OH H——OH 
H——OH H——OH H——OH 
CHOH CHOH CH2OH 


D-glucose D-arabinose D-mannose 
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28.54 
"T eub CHO CHO 
CHO нон H—|—oH one I 9 
a, H—— OH HOH + нон о m S м, 
H+-oH нон нон ROTH па Rog ms 
CH,OH CHOH CHOH а а Е 
н— он нон нон 
CHO me CHOH CH;OH CH;OH 
CHO HO——H н— он 
b. HO——H HO——H + HO——H 
нон нон нон 
нон нон нон 
CH,OH CH,OH CHOH 
28.55 
Ой OH OCH;CHs 
a. ANSA ш jn: К ae aee SCA 
HO OH на HO ОСН льо C800 л 
OH OH 92 OCH;CHg 
+ о anomer + ох апотег + ох anomer 
сно CHOH CHOCH; 
нон нон н-— осн. 
b. нон NaBH, нон СН сњо—н 
H—.—OH CHOH нон Ago  H—+—OCH, 
H——OH н——Он H—-—OCH; 
CHOH CHOH CHOCH; 
CHO COOH COOH 
c. нон н— он H—-—OAc 
нон 8 нон ^9 дон 
нон но нон pyridine ^ H——OAc 
нон нон H—— oac 
CHOH CHOH СН,ОАс 


28.56 Molecules with a plane of symmetry are optically inactive. 


CHO СНОН CHO CH;OH 
== — H——OH H——OH 
" ОН NaBH, Н ОН мавн, 
H—— OH oH HO——H -H8——H— 
нон CHOH H——OH H——OH CH30H H——OH 
СНОН СНОН СНОН СНОН 
D-ribose D-xylose 
28.57 
Өөн OH OH 
О О О 
HO ом HO HO + СНОН 
a. OCH, : oH + ° 
i on OH 
OH 
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pie ogs Осн» 
H " H H 
p, HO a icis = + HO -О он + CHsCHOH 
OH OCH2CH3 OH OH OH 
HOCH МНОЊОН HOCH OH HOCH 
c. S А 7 E < 7 + < iD + NH;CH;CH; 
OH он он он он of" 
28.58 
EX o арм BÄ, CENA 
HO HO 2 HO HO 
gr OH ' OH 
да + H-OH P аны carbocation 
H-QHe H—-OH 
on OH OH 
О 
zx = 
OH HO on. HO за нон, 
“| i 
н-Он H— | 
H—-OH 
28.59 
Hu 
:OH¥ —:B (any base) OH 
n бн e 
i el 2 Сен“ О 6 Сене“ СО + HB* 
0. Cu CHOH HO HO 
CgHs H СеН5 Ho О HO OCH; HO осњ 
HO ОСН; ОН OH 
он 


is 
н Vo бн NO сене“ `O 
+ О о о 
HR HỌ HO 
( HO OCH, HO aS OCH; HO OCH, 


(any base) + H20: 


СеН5 Хо 
О 9 * HB* 
HO ось 
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28.62 
H H H 
CHO OH — cf» сб МА C-OH 
нон Се-он сон 7 Сон 
HO ——H HO ——H HO ——H HO H 
H——OH H2O H—— OH H——OH H OH 
H——OH Н—Р OH H——OH H OH 
СНОН СНОН СНОН CH,OH 
egies ПО [ашнаш x 
from two directions. 
- | HzO 
two protonation 
products —= СНО 
HO——H 
HO——H 
H—— OH 
H—— OH 
СН;ОН д 
H H ОН, H 
C- OH C—OH :C—OH H—C- OH 
(oM deu SS ae ies 
HO H HO——H HO——H HO—|—H 
H——OH нон “7 нон H—[—OH 
H OH H——OH H—— OH H—— OH 
CHOH CHOH CHOH СНОН 
aes + НО 
Deprotonation of the OH at C2 
of the enediol forms a new 
enolate that goes on to 
form the ketohexose. 
28.63 
Two D-aldopentoses (A' and A") yield optically active aldaric acids when oxidized. 
Optically active D-aldaric acids: 
CHO COOH COOH CHO 
HO ——H HO ——H HO ——H HO H 
H——OH [О] H—— OH HO H [0] HO H 
H——OH H——OH H—1—OH H OH 
СНОН COOH COOH СНОН 
| optically active optically active A" 


D-lyxose 


тон 


зон 
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H—— OH 
H—— OH 
CHOH 


[0] 


COOH 


optically 
inactive 


COOH 


no plane of 
symmetry 
optically active 


С 
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arbohydrates 28—29 


Only A" undergoes Wohl degradation to an aldotetrose that 15 oxidized to an optically active aldaric 
acid, so A"' is the structure of the D-aldopentose in question. 


28.64 


CHOH 


D-arabinose 


28.65 


CH;OH 
HO——H 
H——OH 
нон 
CH;OH 


identical 


СНОН CHO 
HO——H HO——H 
HO H = HO H 

H——OH H—— OH 
РА CHOH CHOH 
D-lyxose 


(by rotating 180°) 


Only two D-aldopentoses (A' and A") yield optically inactive aldaric acids (B' and B"). 


optically inactive 


COOH 
p" 


optically inactive 


Product of Kiliani-Fischer synthesis: 


plane of 


H—L-— OH 
symmetry H—+—OH 
H——OH 


COOH 
optically 
inactive 


COOH 
optically 
active 


CHO 
HO——H 
H——OH 
HO——H 
H—— OH 
СНОН 
c" 
|10] 
COOH 
HO——H 
H——OH 
HO——H 
H——OH 
COOH 
optically 
active 


CHO 
н——Он 
ЈО нон 
нон 
CHOH 
д" 

CHO -— 
Heres нон 
H—-OH KF нон 
нои нон 
H= On CHOH 

CHOH 

D" d 

jio] 

COOH 
H—— он 
н— он 
HO—-—H 
H—— oH 

COOH 
optically 

active 
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Only A' fits the criteria. Kiliani—Fischer synthesis of А! forms C' and D', which are oxidized to one 
optically active and one optically inactive aldaric acid. A similar procedure with A" forms two 
optically active aldaric acids. Thus, the structures of A-D correspond to the structures of A'-D'. 


28.66 
Only two D-aldopentoses (A' and A") are reduced to optically active alditols. 
CHO СНОН СНОН 
HO—[—H [H] HO——H HO——H 
H——OH — нон HO—.—H 
H—— OH H—— OH нон 
CH20H CHOH СНОН 
А optically optically 
active active 
Product of Kiliani-Fischer synthesis: 
CHO CHO CHO 
нон нон HO——H 
нон K-F HO—[-H нон 
нон H——OH H——OH 
CH,OH H——OH H——OH 
А СНОН CHOH 
A B' с 
[0] ЏО] 
соон COOH 
H——OH нон 
HO——H HO——H 
H——OH H——OH 
H——OH H——OH 
COOH COOH COOH COOH 
optically optically optically optically 
active active active inactive 


Only A" fits the criteria. Kiliani—Fischer synthesis of A" forms B'' and С", which are oxidized to 
one optically inactive and one optically active diacid. A similar procedure with A' forms two 
optically active diacids. Thus, the structures of A-C correspond to А"-С". 


28.67 
D-gulose 
CHO CHOH CHO СНОН CHO COOH СН>ОН 
H—|—OH H—|—OH H—|—OH H—— OH HO——H HO——H H——OH 
H——OH H—-OH нон HO—.—H H——OH нон . н—=он 
HO——H HO——H H—— OH H——OH СН>ОН COOH нон 
нон H——OH CHOH СНОН Е Е H——OH 
CHOH CHOH c D CHO 
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28.68 А disaccharide formed from two galactose units in a 1—4-p-glycosidic linkage: 


P glycoside bond 
HO —OH | 
eto OH 
OH 4 он 
HO 
OH 


28.69 A disaccharide formed from two mannose units in a 1>4-o-glycosidic linkage: 
a glycoside bond 


HO но 
EY 
HO 
HO. OH 
Оно 


OH 
28.70 
OCH 
CH А: 3 
АдәО 30 n OG, 
H40* 
OCH | 3 
1 о OCH; 
(Both anomers of Band Care < OH а 
| 3 3 
formed, but only one is drawn.) ОСН, OCH, 
B + с + CH4OH 
OH он OCHs осн 
о о ОСН OCH, HO OCHs 
b сна H340* i CH4O = 
OH CH30 СНзО 
Ag20 
HO О но o 92 OCH; О OCH, осн eu он 
НО > СНзО n E + Е + CH4OH 
HO СНО - 
(Both anomers of E and F are 
он D осна formed, but only one is drawn.) 
28.71 
u^ | E OH он 
О 
p о glycoside bond 
HO 
HO О un 
b. ое "e HO Да] 1>6-o-glycoside bond 
: HO 
с. reducing sugar 


reducing sugar - OH 


(hemiacetal) (hemiacetal) 
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28.72 


b О 
а, OH <——— 1~>6-a-glycoside bond 
O-CH5 


OHO! 
VeL. —— "ian om bond = 


HO 
stachyose 
~—— 1~2-a-glycoside bond HO 


HOCH, 19 OH 


CH,OH 


OH 
identical 


Two anomers of each monosaccharide are formed, 
but only one anomer is drawn. 


d. Stachyose is not a reducing sugar since it contains no hemiacetal. 


о снзосн, СНзО OH 
OH + K осн; он + — 


CH,OCH 
осн ©0 осњ сно RU 


Two anomers of each monosaccharide are formed. 


f. product 
In (e) НзО+ 
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28.73 
OH 
о : 
HO А Isomaltose must be composed of two glucose units 
HO isómaltose ^ салате" in an a-glycosidic linkage. Since it is a reducing sugar 
OH it contains a hemiacetal. The free OH groups in the 
О hydrolysis products show where the two 
monosaccharides are joined. 
HO g 
HO OH-—- the hemiacetal 
OH 
[1] CH3I, Ад20 
[2] H30* 
one 7 CEN 
СНзО СНзО (Both anomers are present.) 
CH3O СНО 
28.74 
OH ОСН; 
НО а CH3O 9 ОСН; 


HO сна СНО H3O* 
оң, | uiui os | 
Ад?О 
trehalose 5 он “9 , OCH; 3 oup “ОН 
HO OH сњо OCH, (both anomers) 


OH ОСН; 


Trehalose must be composed of D-glucose units only, joined in an o-glycosidic linkage. Since 
trehalose is nonreducing it contains no hemiacetal. Since there 1$ only one product formed after 


methylation and hydrolysis, the two anomeric C's must be joined. 


28.75 
fe 
pi CHOHo н 
7 HN |--— а я н 
0—6 о EE NHCH>CgHs 
HO ÓH 
HO 
МН, " 
~ 
P 
b E | A 
Он, OH d. N О 
HO d 4 
| fe HO- CH, 
i Ho 
| | OH OH | 
OH он 


mannose glucose 
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28.76 
CHO 
HO——H 
a. OHC rotate re-draw H OH 
UT 7 МЕ нон 
Ho|l-—H 
СНз 


b. OH on left in Fischer 
L-monosaccharide 


OH OH 
А о 
О 7 он Ring НО OH 
OH umm ! 
OH flip. OH 
more stable chair The а: anomer has the CH, on 


C5 and the anomeric OH trans. 


c. Fucose is unusual because it is an L-monosaccharide and it contains a СНз group rather 
than a СН2ОН group on its terminal carbon. 


28.77 
CHOH 
OH оно ro 
а о OH > H OH . HO ——H 
OH H OH H——OH 
ноо! ноо" н H——OH 
СН>ОН 
D-fructose 
CHO 
H——OH 
= Н— ОН 
Н— ОН 
СНОН 
D-ribose 
CHO 
Н— Он 
HO ——H 
= H——0H 
H—1—OH 
CHOH 
D-glucose 
CHO 
OH H per qs 
HO à HO ДЕ cHo _ HOH 
d но OH HO OH = нон 
OH HOH 4 нон 
CHOH 


L-glucose 
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28.78 
Ignoring stereochemistry along the way: A: 


OH par^ 
О: 


[1] 
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28.79 The hydrolysis data suggest that the trisaccharide has D-galactose on one end and D-fructose 
on the other. D-Galactose must be joined to its adjacent sugar by a B-glycosidic linkage. 
D-Fructose must be joined to its adjacent sugar by ап a-glycosidic linkage. 


HO он СНО ОСН: 
= = о, | 
HO [9] CH3O о 
OH Ho o He _Оны 77 “сна cho о CH 
s HO Ag20 CH3O 
lact HO !« О CH30 О 
galactose olon 322 
Nn ___ он CH4O N ОСНз 
glucose HO H&O* СНз 
fructose (Hydrolysis cleaves all acetals, 
2 anomers indicated with arrows.) 
CH30. 
СНО ОСН: OH 3 CHO „осн, 
о о (одн 
+ СНО + 
СНО СНО H OH 
cH;o “ОН CH3O p OH 


2,3,4,6-tetra-O-methyl- 2,3,4-tri-O-methyl-D-glucose 1,3,6-tri-O-methyl-D-fructose 
D-galactose 


(Both anomers of each compound are formed.) 
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Chapter 29 Amino Acids and Proteins 


Chapter Review 


Synthesis of amino acids (29.2) 
[1] From o-halo carboxylic acids by 52 reaction 


NH 
R-CHCOOH ? - | R-CHCOONH, + мни? Вг" 
Br (large excess) NH, 
S2 


[2] By alkylation of diethyl acetamidomalonate 


а g^ [1] NaoEt R e Alkylation works best with 

P ER ER HN-Ç-COOH unhindered alkyl halides—that is, 

E T H with CH3X and RCH;X. 
3v s 
[3] Strecker synthesis 

0 NH4CI nde H,0* We 

Бе“ 4 R-C-CN ы R-C-COOH 

NaCN 4 4 


о-атіпо nitrile 


Preparation of optically active amino acids 
[1] Resolution of enantiomers by forming diastereomers (29.3A) 
e Convert a racemic mixture of amino acids into a racemic mixture of N-acetyl amino acids 
[(S)- and (R)-CH;CONHCH(R)COOH]. 
e React the enantiomers with a chiral amine to form a mixture of diastereomers. 
Separate the diastereomers. 
• Regenerate the amino acids by protonation of the carboxylate salt and hydrolysis of the 
N-acetyl group. 


[2] Kinetic resolution using enzymes (29.3B) 


4- 
HR 
(S)-isomer 
Нм „СООН 
f 
RH 
(R)-isomer 


enantiomers 


HəN. COOH 


(СНзСО)20 


(СНзСО)20 


AcNH. „СООН 


4- 
HR 


АсМН._ „СООН 
C 


du 


enantiomers 


acylase 


—————- 


acylase 


Нам боон 
d- 
HR 
(S)-isomer 


AcNH. „СООН 
C 


fü 


NO REACTION 


= 


separate 


= 
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[3] By enantioselective hydrogenation (29.4) 


R мА, AcNH. -COOH НгО, OH нм. „СООН 


poe Rh* 45 45 
H COOH н CHR H CHR 
S enantiomer S amino acid 


Rh' = chiral Rh hydrogenation catalyst 


Summary of methods used for peptide sequencing (29.6) 

e Complete hydrolysis of all amide bonds in a peptide gives the identity and amount of the 
individual amino acids. 

e Edman degradation identifies the N-terminal amino acid. Repeated Edman degradations can 
be used to sequence a peptide from the N-terminal end. 

e Cleavage with carboxypeptidase identifies the C-terminal amino acid. 

e Partial hydrolysis of a peptide forms smaller fragments that can be sequenced. Amino acid 
sequences common to smaller fragments can be used to determine the sequence of the 
complete peptide. 

e Selective cleavage of a peptide occurs with trypsin and chymotrypsin to identify the location 
of specific amino acids (Table 29.2). 


Adding and removing protecting groups for amino acids (29.7) 
[1] Protection of an amino group as a Boc derivative 


R H R H 
b [(CH3)3COCO],0 + 
НМ ^COH (СНзСН>)зМ Boc-N^ ^CO;H 


[2] Deprotection of a Boc-protected amino acid 


R H 
S CF4CO;H iT. 


C 
Boc-N^ “сон 


or pon 
HClorHBr HN CO;H 


[3] Protection of an amino group as an Fmoc derivative 


R H 9 RH 
ЬЯ ба Гу 26 NaCO; b m 
PO + CH,O^ “Cl Fmoc-N^ ~C~ 

FEN c [> - но H e 


Fmoc —CI 
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[4] Deprotection of an Fmoc-protected amino acid 


[5] Protection of a carboxy group as an ester 


2 HN i i HoN i 
" 
Мон СНзОН, Н+ "2 "c^ OCH, Нам ^C ou СеН5СН»ОН, H+ 72 Ус ^^ OCH;Ce4Hs 
d HR d HR 
methyl ester benzyl ester 
[6] Deprotection of an ester group 
? 9 0 9 
Ben -OH HN om HN _ „С H20, “OH Ш 
nso OCH но” * P OH 2 c^ ^ OCH;CsHs 2 HN. “ан 
= = p 4- 
HR HR HR Ho, Pd-C HR 
methyl ester benzyl ester 
Synthesis of dipeptides (29.7) 
[1] Amide formation with DCC 
R 
y 3 HN Е DCC à У H D 
Род „ОН asec C N C 
Boc—N С Б Ё OCH;CoH; Boc-N^ TE 07 ^OCH;C&8Hs 
О HR 0 d A 


[2] Four steps are needed to synthesize a dipeptide: 
a. Protect the amino group of one amino acid using a Boc or Fmoc group. 
b. Protect the carboxy group of the second amino acid using an ester. 
c. Form the amide bond with DCC. 
d. Remove both protecting groups in one or two reactions. 


Summary of the Merrifield method of peptide synthesis (29.8) 
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Practice Test on Chapter Review 


1. a Which statement is true about the peptide Ala-Gly-Tyr-Phe? 
1. The N-terminal amino acid is Ala. 
2. The N-terminal amino acid is Phe. 
3. The peptide contains four peptide bonds. 
4. Statements [1] and [3] are true. 
5. Statements [2] and [3] are true. 


c 


. Which of the following peptides is hydrolyzed by trypsin? 
1. Glu-Ser-Gly-Arg 

2. Arg-Gln- Trp-Asp 

3. Glu-Val-Leu-Lys 

4. Peptides [1] and [2] are hydrolyzed. 

5. Peptides [1], [2], and [3] are all hydrolyzed. 


. In which types of protein structure is hydrogen bonding observed? 
1. o-helix 
2. B-pleated sheet 
3. 3° structure 
4. Hydrogen bonding is present in [1] and [2]. 
5. Hydrogen bonding is present in [1], [2], and [3]. 


e 


2. Answer the following questions about peptides. 
О 


| I 
НМ. „С 
НМ. „С. aN. Cr HN. „С. 
5 А OH e gH ? я OH 
H CH, н CH(CHa)2 H CHOH 
Ala Val Ser 


a. Draw the structure of the following tripeptide: Val-Ser-Ala. 
b. Give the three-letter abbreviation for the N-terminal amino acid. 
c. Give the three-letter abbreviation for the C-terminal amino acid. 


3. Answer the following questions about the amino acid leucine (2-amino-4-methylpentanoic acid), 


which has pK;'s of 2.33 and 9.74 for its ionizable functional groups. 
a. Draw a Fischer projection for L-leucine and label the stereogenic center as R or S. 
b. What is the p/ of leucine? 
c. Draw the structure of the predominant form of leucine at its isoelectric point. 
d. Draw the structure of the predominant form of leucine at pH 10. 
e. Is leucine an acidic, basic, or neutral amino acid? 


4. What product is formed when the amino acid phenylalanine is treated with each reagent? 
а. РАСЊОН, H^ 
b. Ac2O, pyridine 
c. PhCOCI, pyridine 
d. (Восљо 
e. CeHsN=C=S 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition | 829 
qaem 


Amino Acids and Proteins 29—5 


5. Draw the amino acids and peptide fragments formed when the octapeptide 
Tyr-Gly-Ala-Lys-Val-Ser-Phe-Met is treated with each reagent or enzyme: 
a. chymotrypsin 
b. trypsin 
c. carboxypeptidase 
d. C6HsN=C=S 


Answers to Practice Test 


l.a.1 4. 5.a. Tyr, Gly-Ala-Lys-Val-Ser-Phe, Met 
b.2 b. Tyr-Gly-Ala-Lys, Val-Ser-Phe- Met 
c. 5 О c. Tyr-Gly-Ala-Lys-Val-Ser-Phe, Met 
2.a Z "OCH;Ph d. Tyr, Gly-Ala-Lys-Val-Ser-Phe-Met 
о H pi о ш HN H 
HN, и 0, МС o 


3. 
О ~OH 
2 с HN H 
а. HN H )-0 
CH;CH(CHg) ph 
О 
b. 6.04 5 
OH 
C. = d 
NH; Boc 
0 C 
H 
Y^ ee 
e 
NH N АЎ 
2 S 
e. neutral 
Answers to Problems 
29.1 
H CH, ie CH; е Н CH3 о CH3 о 
S C. S C. ER C. RUC. 
OH Rx “он S x СОН OH 
HN H HəN H H NH H NH 


L-isoleucine 
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29.2 
a. NH3* b. NH,* c. d. NHs* 
| = 
(CH; CH—6- CO0- (снуснсн„—с—с00" г COO HOOCCH;CH,-C-COO" 
! N 
H ~ 
H H 


29.3 In an amino acid, the electron-withdrawing carboxy group destabilizes the ammonium ion 
(NH; ), making it more readily donate a proton; that is, it makes it a stronger acid. Also, 
the electron-withdrawing carboxy group removes electron density from the amino group 
(-NH5) of the conjugate base, making it a weaker base than a 1° amine, which has no 
electron-withdrawing group. 


29.4 The most direct way to synthesize an о-атіпо acid is by Sy2 reaction of an o-halo 
carboxylic acid with a large excess of NH3. 


a. Br- CH-COOH NH; Нәм Сн СОО” NH,* C. Br-CH-COOH NHs HaN—CH-COO" NH,* 
" large excess | CH, large excess CH, 
glycine 
NH3 
b. Br-CH-COOH | HaN—CH-COO" NH,* 
CH-CHs ul dd CH-CHs phenylalanine 
jus i 
СНз CH3 
isoleucine 
29.5 
сна TA | CH,CH,CH(CH;)Br CH(CHs)CH2CHs 
a. ENO COON: alanine c 237° нм C- COOH isoleucine 
" H 
ь _(CHs)CHCH,CI CHECH(CHa)2 0 
: > HN Ç COOH leucine 
H 
29.6 
H 
Q н [1] NaOEt CH,OH 
€-N-C-COOEt H4N—C—COOH 
СНз COOEt [2] СН›=О i 
[3] НзО*, А | 
serine 
29.7 
О О О 
а. Нәм СНСООН = c b. HaN-CHCOOH => c с. НМ СНСООН == c 
CH-CH; (СНасн“ ^H Сн, (CH3)2CHCH2^ ^H Сн, CeHsCH>~ ^H 
| | 
СНз CH-CH; 
valine СНз 
leucine 


phenylalanine 
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а. BrCH;COOH Ntg 


———— ———- МН,СН,СОО- NH,* 
large excess 
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c. сњен„сн(снусно [11 NH4CI, NaCN  H;N-CHCOOH 


| 
[2] H3O* CH(CH3)CH;CHs 
H H 
| [1] NaOEt | Н [1] NaOEt l 
b. CH3CONH Ç COOEt 2N c COOH d. CH,CONH-C-COOEt = H2N-C—COOH 
Coog — [2 (CHs)2CHC! бсн), rr [2] BrCH;CO;Et CH,CO;H 
[8] НзО*, A [3] НзО*, А 


29.9 А chiral amine must be used to resolve a racemic mixture of amino acids. 


CH, H 
а. CeH;CH;CH2NH c. 5 d. 
ве полна b LN b 
achiral CH3CH3 NH; 
achiral chiral 
(can be used) 
chiral 
(can be used) 
29.10 
NH,. „СООН Мн. _-COOH 
С Е E enantiomers 
4- d- 
H CH2CH(CH3)> (СНз)гСНСН» H 
To begin: S R 
Convert the amino acids into N-acetyl Ас2О 
amino acids (two enantiomers). 
AcNH.. „СООН AcNH_ „СООН 
C + С ti 
РА Č enantiomers 
H CH2CH(CH3)> (СНз)СНСНЬ H 
S R 
Step [1]: HN, Colts 
React both enantiomers with the proton transfer 4- (R isomer only) 
R isomer of the chiral amine. CH; H 
+ + 
AcNH.. „СОС Нз№.  CeHs AcNH COO- HN, |. CcHs 
f E Шо у; 
E i 4. на 
H CHCH(CH3)2 CH, H (CH); CHCH; H CH,H diastereomers 
S R R R 


These salts have the same configuration around one stereogenic center, 


but the opposite configuration about the other stereogenic center. 


separate 


Step [2]: 
Separate the diastereomers. 


| 


+ + 
AcNH, „C007 HN... “бен AcNH.. „СОО НАМ Cells 
4- 4 "E 4- 
H CH2CH(CH3); СНз H (СНз)>СНСНЬ Н CH; H 
S R R R 
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Step [3]: НгО, “OH H20, -OH 
Regenerate the amino acid 
by hydrolysis of the amide. NH2. COOH NH2. 090H Pla. coats 
2 + 
4° de 4- 
H CHCH(CH3)2 (CH3)2CHCH; H CH3H 
(S)-leucine (R)-leucine The chiral amine is 


The amino acids are now separated. ) 


also regenerated. 


29.11 
H 
HoN _ „СООН 
mic п] (CHgCO),0 B: + OH. Фон 
„М—С— ELI E Ae a n а 
| 2] acylase н CH;CH(CH О 
CH5CH(CH3)s Ee 2СН(СНз)е (CH3)2CHCH; Н 
(mixture of enantiomers) (S)Heucine N-acetyl-(R)-leucine 
29.12 
H NHAC (СНз) СН — NHAc HəNCOCH МНАс 
a. H.N-CHCOOH == С=с b. HN-CHCOOH — с=с c. HN-CHCOOH == 0=C, 
CH; H `соон CH; H соон CH; H соон 
он-он» сњ 
СНз СОМН» 
29.13 Draw the peptide by joining adjacent COOH and NH» groups in amide bonds. 
amide 
8 о (CHCH, H 
i In E H : 
а. H;N-CH-C-OH HjN-CH-C-OH е a а ноар C-terminal 
CH-CHs Сн; | п ie 
CH3 CH» N-terminal O- aH GHCHCOOH 
Val COOH Val-Glu 
Glu | 
amide 
О О О (СНз)>СНСНЬ 
i i i H fe] H 
b. HaN-CH-C-OH — H,N-CH-C-OH H;N-CH-C-OH - Wu d$ X 
М Сон 
H СН» сњ њм у "ANT E = 
H-CH а 
Gly “мн Cr- CHa 2 О H сн, О C-terminal 
tesi CH3 N-terminal amide 
üis Leu Gly-His-Leu (^ NH 
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О 
| I I | 
c. HaN-CH-C-OH H;N-CH-C-OH H;N-CH-C-OH ным-сн-с-он - 
CH; CH; CH-OH CH-OH 
CH SCH, CH3 сњ 
M A T T 
CH;SCHsamide- СНз amide 
CH CHOH 
eju 2| X g 
C N 


JOR OM n m 
N-terminal = НМ“ ^C^ ^C b d № Y он“ C-terminal 
O H бн; O H бнон 
i 


CH3 
M-A-T-T 
29.14 
—N 
CONH; PIN 2 
о сн О O CHH О 
HN C к М С HN С К N C 
a 2 pd ^N № Ed `OH b 2 о NT ОН 
а 7 = H И >, 
H CH, о  H CH(CHs), Ибн, о нењ 
Сн, сњ СН» 
СН;  Arg-Asn-Val CH, CONH; 
NH R-N-V CH, 
C iu, Lys-His-Gl 
P" NH yS-HIS n 
нм NH 2 K-H-Q 


29.15 There are six different tripeptides that can be formed from three amino acids (A, B, C): 
A-B-C, A-C-B, В-А-С, B-C-A, С-А-В, and C-B-A. 


29.16 


О н О ü О 
HN Ay AY Ney 
3 g Но 3 
O leu-enkephalin T 


29.17 


О 
HO N 
Hs ON aa 
O Н О O H О 
S 
а. HN N ~ 
2 yo 7. S о 
О 


СООН H 


| О " 
HN N 
| | ~ те 
glutathione | О 
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b. HS 
О H О 
| ele The peptide bond beween glutamic acid and its adjacent 
НМ М М он amino acid (cysteine) is formed from the СООН in the В 
Сави h 5 group of glutamic acid, not the « COOH. 


а COOH This comes from the amino acid glutamic acid. 


о 
Hon. © ——| This carboxy group is used to form the amide bond in the peptide, not the a 
im OH COOH, as is usual. That's what makes glutathione's structure unusual. 
COOH 
glutamic acid 
29.18 
О О 
ian ' а =. 
а. 3 : 
on PEN 
H H 
from Ala from Val 


29.19 Determine the sequence of the octapeptide as in Sample Problem 29.2. Look for overlapping 


sequences in the fragments. 


common amino acids 


Answer: 
Ala-Leu-Tyr | 


Tyr-Leu+Val-Cys 
Val-Cys4Gly-Glu 


Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu 


29.20 Trypsin cleaves peptides at amide bonds with a carbonyl group from Arg and Lys. 
Chymotrypsin cleaves at amide bonds with a carbonyl group from Phe, Tyr, and Trp. 


Gly-Ala-Phe-Leu-Lys + Ala 
Phe-Tyr-Gly-Cys-Arg + Ser 
Thr-Pro-Lys +  Glu-His-Gly-Phe-Cys- Trp-Val-Val-Phe 


a. [1] 
] 
] 
]Gly-Ala-Phe + Leu—Lys—Ala 
] 
] 


b. 
Phe + Tyr + Gly-Cys-Arg-Ser 
Thr-Pro-Lys-Glu-His-Gly-Phe + Cys—Trp +  Val-Val-Phe 
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29.21 
Edman degradation gives N-terminal 
amino acid: ен 
Carboxypeptidase identifies the C-terminal 
amino acid: Leu-  - ~ ~ ~  -Glu 
Partial hydrolysis 
common amino acids 
і 
Ala-SerrArg 
Gly--Ala—Ser 
у 
Gly-Ala-Ser-Arg Leu-G Е 
Leu-___ —Gly—Ala—Ser—Arg—Glu 
Cleavage by trypsin is after Arg and yields a 
dipeptide; therefore, this must be the peptide: Leu-Gly-Ala-Ser-Arg-Phe-Glu 
29.22 
um CHCH 9 О 
(снугенсн, p (CH) eCHCH: H HN Cr), CstlsCHOH, HY ua a 
-C „он _ [(CHs)sCOCO],0 C. он С А j^ SOCHsCgHs 
HN Boc-N^ ^c^ 4н CH 42 
И (CH3gCHz)3N H il H CH(CH3)e н CH(CH3)e 
o Ó 
Leu Val 
new amide bond 
(СНз)2СНСН» H 9 (СНз)>СНСНЬ H o 
„бон, HN, „С, DCC YON d 
Boc-N № + & OCH2CgHs Boc-N^ ye" pis "OCH;C,H; 
О Н CH(CHg; о H CHCH) 
| НВг, CHCOOH 
(CHg)gCHCH н B 
X AN 
нм“ тс” Е ^OH  |Leu-Val 
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CH о о 
3 H СНз H + j 
2 НМ. Cy CgH5CH2OH, H HN C 
b. Хон (Снусосојо А он € он 2N, ^ OCH CH 
Ber C (CH,CH),N ^ 80° N^ `C d CH(CHg)CHsCHg {> 
О О H CH(CH3)CH2CHs 
Ala Ile 
new amide bond 
oBGRE “е з мо 
C. YN c см C 
Boc-N^ 767 767 ^оснсгнь Pd-C Boc-N^ Yom y ^OH 
O н CH(CH9CH;CHs O н CH(CHgCH;CHs 
"mm 2 (c) 
NND. ON eH 5C H20H, С 
Е C OH е = = ш OCH;CeH; 
H = 
ч Giy H H 
new amide bond 
B || d Н О HBr 
(c) + Нм. „С DCC МИР И OCH;C;H 
ЕЁ М Р NR 
Pa во СО ^g ^N^ '€ ^^ 'CH,CO0H 
ds AT M. 
CH(CH3)CH4CHs 
СНз H 
`: H i 


Ala-Ile-Gly ыл тсс Ne 
| 2 
он о 


Н  CH(CH3CH;CHs 
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H 
& RE us 9 9 
„СК он [(CH3)3COCO},0 „б С CgHsCH2OH, Н+ 
HN C [( з)з Ja Boc—N “ОН HN, o” “Он 6!'5 2 HN, ^U o CH C.H, 
Ala © (CH3CH3)N H g Г Č 
(А) 1“ Gly HH 
new amide bond CH; H 
CH; H | о ^ оң Q 
D 4: H j H po С 
(в) = pom o = Boc-N^ ^C^ “С ^OH 
Boc—N C C ОСЊСЕН5 Pd-C H И 4- 
н л E O HH 
O HH 
CH; H CH; H 
4: $ <: 
26 СеНёСН»ОН, Н 
HN з IUe быр, њм“ с20СНгСеН» 
| 
Аа О 
CH; H new ne bond 
С S pcc CH; H o H 
(c) "Н мо ОСНәСвНь ЈЕ H i b Gon H2 
2 il BOC-N^ “б^ 567 `N” ^c^ 2v6' 5 рас 
О Н И 4. H || 
O HH О 
CH; H о €Hs H 
МОК E Y. on 
Boc-N^ "c^ bof ^N^ Sc 
H п 44. H m 
new amide bond O HH 


| E N 9 соон 
O HH о HH | 
СНз H CH; H 
VLLL LLLA, d 
НМ” nod "O^ lta iod bod ^OH 
|| 45 Н И 4 
O HH O HH 


Ala-Gly-Ala-Gly 
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29.23 The dipeptide depicted in the 3-D model has alanine as the N-terminal amino acid and 
cysteine as the C-terminal amino acid. 


ү [(СНз)2СОСО]50 H q Нн СвН5СН>ОН НОН 
нм з)2 2O  Boc-N `` он Ong ge LS ОСН>Сонь 
Д OH (CH3CH5)4N e OH HN H+ HN 
H Сн; H CH; О О 
Ala A Cys B 
HSCH; 
Boc-N ji NS OCH,CH ae вос. X z OCH;C;H 
ос „он " нар 2СеН5 o CN 2 UeHs 
H CH, О H tu" о 
A B 
| HBr, СНзСООН 
Н$СНЬ 
о \Н 
HN \ OH 
H СН; О 
Ala-Cys 
29.24 
All Fmoc-protected amino acids are made by the following general reaction: 
R H R H 
bd OH Fmoc-Cl + Он 
H2N m Fmoc-N^ ~C~ 


С М№а,СОз, НО Н т 
О О 
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The steps: H H 
виа si M ан [1] base iP 
— e [2] CI- CH;- POLYMER Fmoc-N^ «c0 CHa- POLYMER 
о 6 
"С 
N 
H H П 
[2] DCC | Fmoc-N.. он 
Н снснусньсн, 
(СНА СНСНЊ; H HH m( 
b о b N H 5 NU 
Fmoc-N^ id и SQ аса = 505 Fmoc-N. e LC. о 79 CHa- POLYMER 
Et || © 
о "E о + "a H б 
CH(CH3)CH;CHs (снуснсњ, H Н  CH(CH3)CH;CHs 
<: 
2С 
| (1 Fmoc—N ‘or 
N H m 
H CH; H 
[2] DCC © 
Fmoc—N~ Б" 
С 
CH3)2CHCH, N (CH3)2CHCH2 
а о HH H O XH о HH 
но Vu hb OW [2] HF HN. \ di BONS 
РОМ. if “©чс-М Pg f= POLIMER 2 Ком пи cd ~ ОН 
Е Z - H 1 H n 
Иен. ot " 6% H сњ О IE О 
Н CH(CH3)CHsCH3 CH(CH3)CH;CHs 


Ala—Leu-Ile—Gly 
+ F—CH,—-POLYMER 


29.25 Ina parallel B-pleated sheet, the strands run in the same direction from the N- to C-terminal 
amino acid. In an antiparallel B-pleated sheet, the strands run in the opposite direction. 


parallel 


antiparallel 
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29.26 
a. Ser and Tyr 
HpN—CH-COOH HN-CH-COOH 


сњ CH; 
OH 

side chains with 
OH groups OH 


hydrogen bonding 


b. Val and Leu 
Нәм CH-COOH H9N—CH- COOH 
CH-CHs Сн; 
CH3 CH—CHs 
СНз 


side chains with only 
C-C and C-H bonds 


van der Waals forces 


c. 2 Pheresidues 
HoN-CH-COOH | HjN-CH-COOH 


van der Waals forces 


29.27 a. The R group for glycine is a hydrogen. The В groups must be small to allow the B-pleated 
sheets to stack on top of each other. With large R groups, steric hindrance prevents 


stacking. 


b. Silk fibers are water insoluble because most of the polar functional groups are in the 


interior of the stacked sheets. The B-pleated sheets are stacked one on top of another, so 
few polar functional groups are available for hydrogen bonding to water. 


29.28 
H сноењ ER LU 
+ > 
H снрсан 8: СНОН, H^ 2. 
d Нм“ “COOCH, 
НМ“ “соон 


phenylalanine 


b. CHsCOCI, pyridine 
3 py CH 


29.29 


a. N-terminal amino acid: alanine 


e. CgH5N2C-S 


C-terminal amino acid: serine 


b. A-Q-C-S 


d. NaOH (1 equiv) 


равне 


tC. 
НАМ COOH 
H CHaCeHs 


H 


ye 
НМ“ ^COO- 


О 
CeHs ~ 
N 
p CHsCeHs 


S^ N 


c. Amide bonds are bold. 


C-terminal 


= ! 45 
о f; P" о HHOH 
CH,CH;CONH; 
N-terminal 
Ala-Gin-Cys-Ser 
A-Q-C-S 
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29.30 The dipeptide is composed of phenylalanine and leucine. 


Сенасн; H СеН5СН» H е CeHsCH20H, H* 1 
4 [(CH3)sCOCO],0 4: HN, бон pom nee. ОМА ^€-ocu C.H 
ным “он (CH3CH,)3N вос м“ c^ 9H 42 e 2~675 
í мс Н СЊСН(СН;) н СЊСН(СНа) 
[9] 
Phe А) Leu 
Сен; СН; H о 
As H 11 НВг CsH5CH3 H 
om m D : Q 
(А) + = Boc-N^ 707 7C^ ^OCH;GHs ‘сн,соон X. N.C 
О н CH,CH(CHg» EN > 9" 
О H CH2CH(CH3)2 
Phe-Leu 
29.31 
И R СООН s _ COOH b COOH COOH 
HN C 2H He C-NH; НМ Сн = H;N-C-H 
СН” C SH СНз=С-—$Н CH, C48— —S- C4CH; 
СНз СНз 2 CH, бнз 
(R)-penicillamine (S)-penicillamine 


29.32 Amino acids are insoluble in diethyl ether because amino acids are highly polar; they exist as 
salts in their neutral form. Diethyl ether is weakly polar, so amino acids are not soluble in it. 
N-Acetyl amino acids are soluble because they are polar but not salts. 


NHs* eee 


| 
Re ~ coo- ы “соон 


N-acetyl amino acid 


amino acid, a salt 
ether soluble 


H20 soluble and ether insoluble 


29.33 The electron pair on the N atom not part of a double bond is delocalized on the five- 
membered ring, making it less basic. 


HaN—CH-COOH uA СНСООН 


CH» 2208 Сн, 
au sp? hybridized N atom 
2 1NH m 


м | :N 


...the ring is no longer aromatic. 


When this N is protonated... 


HaN-CH-COOH HaN-CH-COOH ^ H;N-CH-COOH 
CH» 


CH; CH» 
HA _ 
Ум Aw és 6 л electrons 
N=! Pn N= N 
| ра н" н 


...the ring is still aromatic. 


When this N is protonated... 
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29.34 
H2N—CH-COOH H;N—CH-COOH 
СН, CH2 
The ring structure on tryptophan is aromatic since 
2 4 each atom contains а p orbital. Protonation of the N 
HN == HN atom would disrupt the aromaticity, making this a 
ү less favorable reaction. 


no p orbital on N 
This electron pair is delocalized on the bicyclic ring 


system (giving it 10 x electrons), making it less 
available for donation, and thus less basic. 


29.35 Atits isoelectric point, each amino acid is neutral. 


coo- b. coo- c. соо- d. Coo- 
tog + i + | | 
HaN-ÇC-H ным-с-н HaN-ÇC-H HoN-C—H + 
СНз CH5CH;SCHs CHCOOH CH2CH2CH2CH2NH3 
alanine methionine aspartic acid lysine 
29.36 

a. [1] glutamic acid: use the pK,’s 2.10 + 4.07 
[2] lysine: use the pK;'s 8.95 + 10.53 
[3] arginine: use the pK,’s 9.04 + 12.48 

b. In general, the p/ of an acidic amino acid is lower than that of a neutral amino acid. 

c. In general, the p/ of a basic amino acid is higher than that of a neutral amino acid. 

29.37 
a. threonine b. methionine c. aspartic acid d. arginine 
pl = 5.06 pl =5.74 pl = 2.98 pl=5.41 
(+1) charge at pH = 1 (+1) charge at pH = 1 (+1) charge at pH = 1 (+2) charge at pH = 1 
HsN-CH—COOH HaN—CH-COOH HsN-CH-COOH ны\-сн-соон 
CH-OH Он; Он; CH; 
CH3 CH; COOH CH; 
$ en 
СНз NH | 
C-NH; 
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29.38 
a. valine b. proline c. glutamic acid d. lysine 
pl = 6.00 р/ = 6.30 pl = 3.08 pl =9.74 
(-1) charge (-1) charge (-2) charge (71) charge 
at pH =11 at pH = 11 at pH = 11 at pH = 11 
HaN-CH-COO" COO- HoN-CH—COO- HaN-CH-COO" 
CH-CHs CH» СН? 
| | | 
СНз PIN CH, CH; 
COO- CH» 
СН 
NH3 


29.39 The terminal NH: апа COOH groups are ionizable functional groups, so they can gain or lose 
protons in aqueous solution. 


0 CHs H CH 
3 H 
а.  H,N-CH-C-OH - мч нң © RS 
СН; на О А-А-А 
I s 
Ala O н CH, О 
b. At pH = 1 ш. a 79 oe H 
+ С ‚ОН 


б н сн, $ б 

c. The pK, of the COOH of the tripeptide is higher than the pK, of the COOH group of 
alanine, making it less acidic. This occurs because the COOH group in the tripeptide is 
farther away from the -NH;' group. The positively charged -NHs' group stabilizes the 
negatively charged carboxylate anion of alanine more than the carboxylate anion of the 
tripeptide because it is so much closer in alanine. The opposite effect is observed with the 
ionization of the —МНу group. In alanine, the -NH;' is closer to the СОО group, so it is 
more difficult to lose a proton, resulting in a higher pKa. In the tripeptide, the -NH;' is 
farther away from the COO , so it is less affected by its presence. 
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29.40 
H CH;CH(CH3) о Н PH; cH(CHae 
а. СНзОН, Н* J 2 3)2 9. СьН5СОС,, pyridine сни о “он 
ным” ^ COOCH; e5 H ï 
н сњен(сну О 
E о Н CHCH(CHs)> н CHCH(CHs)2 
" “COOH 5 сњсос), pyridine Lo d о м [(CHsgcoco},0 ©. 
еисте Ро че PX MUI LIT ues Boc—N~ H 
Hs N g (CH3CHa)aN N Соо 
О 
C. CSH&;CH;OH, Н+ н pHIOH(OHa; i. The product in (d), then H CH CH(CHə)z 
5 NH CH COOCH; + DCC И; 
HoN^ ^ COOCH;CHs демн“ хе“ Nc СООСНз 
1! => 
O HH 
И H CH;CH(CH 
а. Ac;O, pyridine op? (Онаа j. The product in (п), then МНСН„СООСНа + DCC 
AcNH^ ~~COOH " F Haci (CHa) 
вю- Pg c Р000н 
I = 
O HH 
i H CH;CH(CH 
pg, SG) н рнгон(снье к. Fmoc-Cl, Na;COs, НО £ p 2CH(CHa)e 
" E. 
HN cooH Fmoc-N “COOH 
О 
f. NaOH (1 equiv) H ÇHCH(CHa)2 |. CgH;N=C=S dn 
; Ч Ві тшш: A CH2CH(CH3)2 
НМ“ ^CcOO^ Be 
29.41 
NH 
а. (CH3)sCHCHs;CHCOOH ч (CH3)CHCH;CHCOO"NH;* + NH,'Br 
Br excess + NH3 
[1] NaOEt Nig 
b. CHsCONHCH(COOEt), ET - но—{ сн, бнсоон 
0-04 сн 
СНз 
[3] 4407, А 
О L m МН? 
с. E [1] NH4CI, NaCN Por 
H N [2] њо" HOOC МН? 
о о 
d PN [1] NH4CI, NaCN SH 
CH0 CHO mio: HO 
NH, 
CH2CH;CH;CH;NH 
[1] NaOEt [o eee P е 


€. СНАСОМНСН(СООЕ 


[2] CICH;CH;CH;CH;NHAc 
[3] H9O*, А 


> HoN—C-COOH 


| 
H 
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29.42 
a. Asn b. His c. Trp 
0 Q 2 
H5N—CH-C- OH H5N—CH-C- OH H9N—CH-C- OH СЊВг 
CH;B | CHBr l 
Сн; үе CH, СН 2 
б=о ———> C=O > Wa NH =_ = ә 
| 2 “мн Г HN 
NH3 NH2 _/ N—/ 
N= HN 
29.43 
OH 
О H 
Н 1 1 CHCH 
0-№-0-сооє мов нб соон 
CH; COOEt [2] CHsCHO Ра 
[8] НзО*, A - 
threonine 
29.44 
Bro CrO3 + _ 
а. СНасно BrCH;CHO BrCH;COOH H4NCH;COO 
CHCOOH Нг504, НО ехсезв glycine 
О [1] NH,Cl, NaCN NH3 
b. c = CH;—C—COOH 
сну ^H [2] H30* h 
alanine 
29.45 
О 
О 
CH2(COOEt)2 Br—CH(COOEt); N—CH(COOEt), 
CH4COOH 
В [1] NaOEt 
[2] CICH;CH;SCH; 
О 
H COOEt 
| [1] NaOH, Но l 
HəN-Ç-COOH N—C-COOEt 
CH,CH5SCH; [2] НзО*, ^ CH,CH,SCH, 


D 9 c 
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29.46 
:OEt = 
бе Hal” [1] ЖО Кале: [2] 
P I nci NaOEt C-N-C-cookt + ЕСН 
МУР CH; соо 
HN CHCOOH но“ 
р 
CH»COOH 
glutamic acid 
29.47 
N H 
| зу ОМ 14] DIBAL-H | ху ОНО pn P-cHCO,Et 
N^ [2] H2O N^ 4 cis isomer) 
A B 
о 
HoN 
О | О “OCH 
О Я 3 
NH Boc— NH Н 
2 “OCH; - 
№2 Boc—NHH 


о COOEt 
№ H | 
poN-C-O00Et 


СНз CH;-CHCOOEt 
Сб, 
+ 
| [3] 
О COOEt 

N 

©-М-с-соок 
CH; CH,CH,COOEt 


+ њо 


о њиви Hə үле 
N^( Pd-C N^ 


KOH 
но 


CO;H 
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29.48 
m шо, 
ec enantiomers 
R isomer S isomer 
proton 
transfer 
HOSS О 
СНО О СНО О 
; а! NC 200 5. 


н, | Ha: 
аф Ж | b diastereomers 
S S 


Me О T 048 О 
зерагаје 
СНО „О CH30.. 70 
H CI TRE CI 
S S 
Me О T 048 О 
Ы -OH | "OH 
PE а T 
НА 
S The chiral sulfonic 
acid is 
R isomer S isomer regenerated. 


848 Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 29—24 


29.49 
H СНа CH3 H 
on Е | | 
NH; °тсоон HN ©соон enantiomers 
S R 
To begin: 
Convert the amino acids into amino снаон, H* 
acid esters (two enantiomers). 
H CH, СНз H 
-T + а | 
Бо Кей enantiomers 
НОМ” ~COOCH3 HN COOCH; 
S R 

Step [1]: H p T 

React both enantiomers with the proton transfer iC. (R)-mandelic acid 

Risomer of mandelic acid. Сена СООН 

H OH H CH; H OH СНз H 
d Я; я d R^ 
+ : 
Сене“ ~~COO- ну“ соосњ Сене“ ~~COO- на“ соосн, diastereomers 
R S R R 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 


Step [2]: separate 
Separate the diastereomers. | 


н Он н Он CH 
A н сњ с з H 


С о 43 JC. + 
Сен; “COO HN C COOCH | | сене O coo- HN соосњ 
R S R R 


Step [3]: #20, "OH H20, -OH 
Regenerate the amino acids 


by hydrolysis of the esters. H OH 
H Chs СНз H + | 
~ С JC. 
ным соон HN cooH Сана“ `СООН 
S The chiral acid is 
regenerated. 
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29.50 
NH». COOH NH, „СООН 
С + С enantiomers 
4- 4- 
H СЊСЕН5 CgH5CH5 H 
To begin: 5 R 
Convert the amino acids into N-acetyl Ас2О 
amino acids (two enantiomers). 
AcNH...|.,COOH AcNH.. _ „СООН 
С + С ti 
РЕ Č enantiomers 
Н CH2C6H5 CgH&5CH; H 
S R 


Step [1]: proton transfer 


React both enantiomers with the 
R isomer of the chiral amine. 


AcNH. _COO- 


C id qd сно 
E i 
H CH2C6H СвНьСН» H 

5 27809 R сно 


diastereomers 


Step [2]: separate 
Separate the diastereomers. | | 


AcNH.. „СОО АсМН. „СООТ 
Е ^c 
H CH2CgH, CgHsCHH 
S R 
Step [3]: НгО, “OH H20, -OH 
Regenerate the amino acid 
by hydrolysis of the amide. мно. СООН Мн, СООН 
45 45 
Н СН>СёНь СвНСНЬ H 
(S)-phenylalanine (R)-phenylalanine 


The amino acids are now separated. ) The chiral amine is 


also regenerated. 


850 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition 


Chapter 29—26 


29.51 
NH2 
| Ac;O НМ _ „СООН AcNH. _ „СООН 
а. (СНУ»сн—сн-соон ——°-„ Mese, > у; + с 
racemic mixture н CH(CHs)> Н CH(CH3)2 
CH,CONH н, -он нам. «СООН 
NHCOCH | Я 
Ds — j m | О н“ ењсн;сн;снмн, 
catalys р 
COOH y (S)-isomer 
COOH 
= HN H 
c. < Мн н, тон Е Re | 
i chiral "m H Gu,  (Shisomer 
Rh catalyst 
å / 
N 
H 
29.52 


Sm Hə а 
NCH chiral H Nv „СНз 
О HU? О HUY 


Rh catalyst 


О О : 
pa A ao L-dopa 
29.53 
СвНБСНЬ H о НМСН,СН,СН,СН, н о 
ш м6 d №6 
HNI Eod Modi OH HNI Lodi о OH 
Ul 4 2 И 4- 
O H Chs H H 
Phe-Ala Lys-Gly 
b. H H О d. NH;C(NH)NHCH;CH;CH» н о 
V 4 È \: H i 
њм“ ^07 а ^он њм естон 
2 || % 
о den of cH, 
CH CONH, R-H P 
Gly-Gin na 
y N—/ 


29.54 Amide bonds are bold lines (not wedges). 


C-terminal 
HO;CCH, H OCA Ha © 
© N c б. „Ае ©тон 
MN COT ПУ т d 
O dH E O HH CH,CgH,OH 


CH,CH;CH;NHC(NH)NH; 
N-terminal 

Asp-Arg-Val-Tyr 
D-R-V-Y 
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29.55 Name a peptide from the N-terminal to the C-terminal end. 


CHCOOH а" нн о N-terminal 
HH CH H y: И a 
a. хм \ң Ww ow p; НОВ ea ds oHG 
H N^ о e e LO o 0H SY n H =‘ 
2 п Hi Т H CH» О H СНз 
9 Ho © сн 
COOH ' 
ОН; ^ Ala-Gly-Arg 
Gly-Asp-Glu NH A-G-R 
G-D-E C. 
НМ“ NH2 


29.56 A peptide C-N bond is stronger than an ester C-O bond because the C-N bond has more 
double bond character due to resonance. Since М is more basic than О, an amide C-N bond 
is more stabilized by delocalization of the lone pair on N. 


scs :0: 
4! m C Structure B contributes greatly to the resonance hybrid and 
ве “Мн вен, this shortens and strengthens the C-N bond. 
2 B 2 
29.57 
о CHs H О 
S Г 
HN H HN H 
2 ^c^ psi 2 ом N^ 
4 | i 4 | 
H сын О H CH3 C. „он 
s-trans s-cis Pci, 1 
29.58 
a. A-P-F + L-K-W + S-G-R-G 
b. A-P-F-L-K + W-S-G-R + G 
с. A-P-F-L-K-W-S-G-R + а 
d. А + P-F-L-K-W-S-G-R-G 
29.59 
common amino acids 
S Gly-Ala EN Answer: 
Ман! — Gly-Ala-His-Tyr 
His-Tyr 
common amino acids 
р. Lys- His | Answer: 


HisjGly-Glu 
Gly—Glu--Phe 


Lys-His-Gly-Glu-Phe 
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29.60 


29.61 


29.62 


| common amino acids 


mm | 
МајнТуг | 


Tyr-+Ile—His 
Пе—Н5--Рго–Рће 


Answer: 


Arg-Arg-Val-Tyr-Ile-His-Pro-Phe 


— 


Gly is Фе N-terminal amino acid (from Edman degradation), and Leu is the C-terminal 
amino acid (from treatment with carboxypeptidase). Partial hydrolysis gives the rest of the 
sequence. 


common amino acids 
Gly—Ala+Phe-His 


Phe-His+Ile 
Tle+His—Leu 


| Answer: 


Gly—Gly—Ala—Phe-His—Ile—His—Leu 


— 


Edman degradation data give the N-terminal amino acid for the octapeptide and all smaller 
peptides. 


A B 
E A D Ý A ~ A: Glu-Arg-Val-Tyr 
: Е - В: Ile-Leu-His-Phe 
octapeptide ————~ | Glu-Arg$Val-Tyr--Ile-Leu-His-Phe C: Glu-Arg 
cleavage with cleavage with за 
trypsin chymotrypsin | carboxypeptidase 


Glu-Arg-Val-Tyr-Ile-Leu-His + Phe 


29.63 Aand B can react to form an amide, or two molecules of B can form an amide. 


H H О H H (CH3)2CH, H 
AS т DCC Mog 9 SU. ap 9 
„Сб Qu H H N, ^C. Род UN 5 
Вос-М ^c за £ OH Вос-М СС жен n n e" Мо gu 
=. 4- il A 
Ó н CH(CH3j? O M CH(CHjs о tuong, 
A B 
29.64 
Q үй 
а. HN, он CH340H, Ht “соон, 
H СН(СНз)2 H CH(CH3) 
9 | 
b C CeH;CH;OH, H* è 
eo `o | “с "OCH;CsHs 
н CH;CH(CHg3)e н CH;CH(CH3)e 
о 
CH3)3COCO},0 
c. мн,сн,соон 1%) ба N. oy, 
(CH3CHz)3N Ё 
HH 
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OH неона 
П % 


Р Р DCC H Я 
d. product іп (b) + product in (c) Boc-N. LC. «С-.„ОСНгСеНь 
4- H | 
HH О 
E. н о 
3 oM H2 N Cy 
e (СНО Мс OCH;C Hs (CH3)sCOW o~ "c^ он + Сенсња 
L 4- Pd-C 1 45, 
O нёнснз) O нёнснз) 
О 
f. starting material in (е) ЕЕ HN C 
d g 2 "c^ ^OH 
CHCOOH Č 
H CH(CH3)2 
0 
СЕзСООН 
9. product in (е) 3 HN, Cro), 
4- 
H CH(CH3)2 
Q 0 
Ма2СОз 
h. Сон + Етос-Сі C. ou 
p но p 
EUM HN H 
Fmoc 
29.65 
о о 
А A [(CH))COCO],O н нм Cro, CoHeCHeOH НН Д 
: „Сон C. он а 
НМ СТ (CH3CHp)3N мкА 2 Я 
2 i aU 2)s Boc—N С Н сн, H Ch 
H H 
| [o H H o 
+(в) _рсс PM MA Дв: = н п 
(А) (в) в c-N^ тс” Бе OCHC,Hs н, екан Ne `OH 
CHCOOH Д 4 
9 H Ch о нењ 


c^ "och Сен 
2 24526115 
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СНз 


СН» 9 о 
! 
В MEA H [(CH3)3COCO],0 она: H HN б OstsCHoOH. Н" нам. И 
| С OH C OH p = 
HN^ `6 (СНзСН>)з3М МУЗА 1- "B 
2 i Boc N i н СН. H CH, 
Пе Ма 
QHs СНз 
НН о CH,CH;CH H 
(A) H = Né N б MM idi N: H i 
Boc-N^ тс” 707 сосњсан; Pd-C B-n 707 07 Sc 
о af А 
H CH, (c)? d CH, 
ne Сеньсн 
Eid H CeHsCH; H Ld H Dr 
CgHsCH20OH, Ht X (c) = H И ~ 
ни —*—=—=*——‚ б. оснесане Boc Ne Мр P бо OCHA Hs 
Il DCC H И © H ji 
о In 4 2 
Phe У O нон, 2 
HBr 
CHCOOH 
QHs 
CH&CH,CH H M QE 4, 
м мс ү он 
НМ“ bos о ^N^ "о 
Д "B H T 
H CH, 9 


Ile-Ala-Phe 
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29.66 Make all the Fmoc derivatives as described in Problem 29.24. 


CeHsCHe H СеН5СН» H 
a ~ íi [1] base AS 
` ИА А 22 „О-СН—РОУМЕЋ 
kmog=N m [2]ci-CH;-POLYMER —— Fmoc-N^ ^C РАНА, 
o О 
(Fmoc-Phe) [1] C | 
N 
H H ? 
Fmoc—-N.. „Сс 
[2] DCC "n OH 
H CH;CeHs 
(Fmoc-Phe) 
(CH3),CHCH, H CeHS CH? [1] CcHsCHa 
v ou 7 H N н 9 M 
^C. LUN C С О-СН,-РОГҮМЕЯ H Fmoc—N C C... ,O- CH;- POLYMER 
Fmoc—N C^ СО "N^ e^ 2 ——————— о N^ c^ 2 
"А B c [2] DCC + БОА | 
H СнС;н5 О (CH3)2CHCHa H Н CH;CeH5 
pou 
Је Етос H С 
М О 
H (Fmoc-Leu) 
[2] DCC CH, H 
Хон 
Fmoc-N^ ^C^ 
ò (Fmoc-Ala) at) 
(CH3)2CHCH (Снз):СнСн, ANT 
EC \н BENE N o \н à Es \н 
— г H | = У j Б 
iis "e ^w C e 020. 0- CH; POLYMER BEEF PE РАТЕ ОВ. ЧЕ 40H 
dou" о £f, UH, Д dou" 6 É H d 
| Н снрсен; О Н СНСН5 


Ala-Leu-Phe-Phe 
+ F—CH -POLYMER 
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(На СНз 
чи сњењсн H 
b. У [1] базе E 
РА DA = „С E ХЕ 
а `C [2] С1-СНг-РОЦУМЕН Fmoc-N er И 
и О 
(Етос-Пе) [1] O 
N 
H О 
H | 
[2] DCC Fmoc—N, ја 
den. 
GMa CH3 
H CH3CH2CH [1] O CH3CHsCH (Fmoc-Ala) 
Yu DN N „ О Xe 
Fmoc-N ^g by C. c 07 CH,- POLYMER 2 Fmoe М. С «С. “0 ОН -РОУМЕЋ 
d о 4 H i [2] DCC + "B H | 
H Снз 8 HH H Сн, Ó 
„С 
[1] © Fmoc—N сн 
H И 
N О 
ad. H (Fmoc-Gly) 
[2] DCC С 
+ Fmoc-N^ sg eH 
О (Fmoc-Phe) 
CHs CH; 
H3CH2CH CH3CH,CH 
" о HH А m о HH u XM 
> H E E 
Ретов т : N^ HN j : 
ш ^w Се се “тд E о 0- Оне POLYMER N № "gw Pe ge 6 «б. он 
(UNE ТЕ. LT 7 % пе OM 
| Снго;нь P Н сн, 8 Н CH2C6H5 Ө H Сн» o 
Phe-Gly-Ala-Ile 
+  F—-CH;-POLYMER 
29.67 


а. A p-nitrophenyl ester activates the carboxy group of the first amino acid to amide formation by 
converting the OH group into a good leaving group, the p-nitrophenoxide group, which is highly 
resonance stabilized. In this case the electron-withdrawing МО; group further stabilizes the 
leaving group. 


Q— ую = > :0— “мог —6-( умо 8-( У, 


p-nitrophenoxide 


т ‘OF " а " о 

mcs Оа eu 
К x C = A 
О: :0: :0: 


The negative charge is delocalized 
on the O atom of the NO» group. 


b. The p-methoxyphenyl ester contains an electron-donating ОСН} group, making CH3OC;H4O а 
poorer leaving group than МОСсНАО , so this ester does not activate the amino acid to amide 
formation as much. 
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29.68 
R H 
а. ны тс" 7 NH, 
d | 
О 
C2 а $ OQ » 9 
S :0: 
| .. 
> сноў `O р CH,O— | O-N: — > CH,O—C—O-N: 
Q ( [о ( = 
RNH; 9 9 
| Holos: 
| " О 
а $ Q a 
26 - MÀ о 
[» сно“ “Аня [> CH;0—C-;0—-N 
C3 HNR H 
NS Fmoc-protected amino acid © 
N- m ИР + COS 
N 
H 
:0: RH R H 
H С P S 
b. | Угоњ-67 "TW w^ m С + 60 + уде зс ОН 
C3 Ó Ó ө 
“| 
Fmoc-protected amino acid N 
Ho 
proton 
transfer 
RH 
i 
HN “сн + " 
|1 N 
[9] H 


29.69 Reaction of the OH groups of the Wang resin with the COOH group of the Fmoc-protected 
amino acids would form esters by Fischer esterification. After the peptide has been 
synthesized, the esters can be hydrolyzed with aqueous acid or base, but the conditions 
cannot be too harsh to break the amide bond or cause epimerization. 
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27 27 27 27 27 Г 
| | | H H»SO, IL | | 
EN << + Fmoc-N-CHCOOH < u^ < 
| | 
О О О О 
Wang resin Fischer 
27 | 24 | esterification 27 | 27 | 
EN EN uu. EN 
OH OH о i 
new ester —- б=о new ester c-o 
| 
CH-R CHR 
| 
МНЕтос МНЕтос 


29.70 Amino acids commonly found in the interior of a globular protein have попројаг or weakly 
polar side chains: isoleucine and phenylalanine. Amino acids commonly found on the 
surface have COOH, NH», and other groups that can hydrogen bond to water: aspartic acid, 
lysine, arginine, and glutamic acid. 


29.71 The proline residues on collagen are hydroxylated to increase hydrogen bonding interactions. 


The new OH group allows more hydrogen bonding interactions 
ОН — between the chains of the triple helix, thus stabilizing it. 


29.72 
" 
о вг Ц 0, pr NH NH 
pt (CH3)2CHCHCHO (CH3)sCHCHCOOH (CH3),CHCHCOO- 
(СНз)>СНСН» H CHCOOH H5SO4, НО excess : 
valine 
о  [1]NH4CI, NaCN МН» (Racemic valine and leucine are formed as 
e (CH3)2CHCH,—C—COOH products, but the synthesis of the tripeptide is 
(CHs)2,CHCH,~ ^H [2] HgO*, A V drawn with one enantiomer only.) 
leucine 
H ? o 
у ОРСОН (снасосојо HY СНССНз)2 | нам „С СЕЊОЊОН Ht нм. С. 
„С OH j с он С C^ ^OCH;CsHs 
HN С (CH3CH5)5N Boc—N~ “с^ 4 ~ 4 - 
Ц H n Н | CH;CH(CH3)z Н CH5CH(CH3)e 
QQ О ; 
valine (A) leucine 


| CgHgCH,OH, H* 
27 CH(CHa)2 


«С. OCH2CsHs 


: 


HN 
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af онен» o H CH(CHs)2 о 
+ (в) DCC € N n H m H ll 
(АЈ (8) Boc-N^ `7 Ha `осн,с;Н; 2 Been? e hg зви 
p Pd-C | Е 
O н Снсн(сна) о И оњснсн), 
EN SHE О а CH(CHs)2 O H CH(CH3)> 
Р C DeC CN ND d 
Boc—N~ %7 £ `OH Boc-N^ тс” E d "WU ^COOCH;CSHs 
О н CH;CH(CH3; H CH,CH(CHS) 
HBr 
СНСООН 
Н CH(CHj) 
A H 2 o H Оң(Ону); 
pon ^N. „С pon 
HN С C N COOH 
О и CH,CH(CH3; 
Val-Leu-Val 


29.73 Perhaps using a chiral amine R*NH» (or related chiral nitrogen-containing compound) to 
make a chiral imine, will now favor formation of one of the amino nitriles in the Strecker 
synthesis. Hydrolysis of the CN group and removal of R* would then form the amino acid. 


o ўа" NR* NR мн 
pu NH;R* A. TCN R-c-H Hydrolyze д-с-н Remove в-с-н 
| "E | — — | 
А Н R А H CN nitrile COOH R COOH 
chiral imine amino nitrile | | 
chiral amine amino acid 
Perhaps a large excess of one enantiomerically enriched (?) 


stereoisomer will be formed. 


29.74 This reaction is similar to the reaction of penicillin with the glycopeptide transpeptidase 
enzyme discussed in Section 22.14. Serine has a nucleophilic OH, which can open the 
strained B-lactone to form a covalently bound, inactive enzyme. 
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HO wear Enzyme 


_»NHCHO 
о from serine residue 
дог 
orlistat 


Three operations occur: nucleophilic 
addition; loss of the alkoxide leaving group; 
proton transfer. 


,,NHCHO 
O 
29.75 
.. H 
о: HzO :ÓH MEN ET 
UU CN де C H—O: :H HO 5:ÓH 
S К H-ỌH2 S Е S Е proton SJ е 
сн У санд сн IN transfer сн 
` H У H A H он 
thiazolinone H 
н.о | 


H 


E R | > в 
Сене... ^N СН» i К тон proton Ces. 1 LOH Od 
HO + NM R нож с=з m RT Lgr 
У N 

H 


transfer : N^ № 
yn vri 


S 


I 
== 


N-phenylthiohydantoin 


Student Study Guide/Solutions Manual to accompany Organic Chemistry, Fourth Edition | 861 
E Ех 


Lipids 30—1 


Chapter 30 Lipids 


Chapter Review 


Hydrolyzable lipids 
[1] Waxes (30.2)—Esters formed from a long-chain alcohol and a long-chain carboxylic acid 


c А, R' = long chains of C's 


О R 
О 
o-4 R, А, А" = alkyl groups with 11-19 C's 
В 
^w R" 
о 
[3] Phospholipids (30.4) 
[a] Phosphatidylethanolamine [b] Phosphatidylcholine [c] Sphingomyelin 
(cephalin) (lecithin) 
о О 


R 
о о мн-{ 
o-4 o-4 о" 


1 Џ | 
о R . о R | 0—P—-0- CH;CH)NR, 
O-P-0-CH;CH;NHs O-P—0- CH;CHaN(CHs)s од 
од (од А = long carbon chain 
В, R' = long carbon chain В, В' = long carbon chain R' = H or CH; 


Nonhydrolyzable lipids 
[1] Fat-soluble vitamins (30.5)—Vitamins A, D, E, and K 


[2] Eicosanoids (30.6)—Compounds containing 20 carbons derived from arachidonic acid. There 
are four types: prostaglandins, thromboxanes, prostacyclins, and leukotrienes. 


[3] Terpenes (30.7)—Lipids composed of repeating five-carbon units called isoprene units 


Isoprene unit | Types of terpenes 
с [1] monoterpene 10 C's [4] sesterterpene 25 C's 
C-C 
c ct [2] sesquiterpene 15 C's [5] triterpene 30 C's 


5 
[3] diterpene 20 C's [6] tetraterpene 40 C's 
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[4] Steroids (30.8)— Tetracyclic lipids composed of three six-membered and one five-membered ring 
18 


у 


2 Chs, 


Practice Test on Chapter Review 


1. a. Which of the following compounds contains an ester? 
1. а мах 
2. a cephalin 
3. a sphingomyelin 
4. Both [1] and [2] contain esters. 
5. Compounds [1], [2], and [3] all contain esters. 


b. Which of the following compounds is an eicosanoid? 
1. a leukotriene 
2. a thromboxane 
3. a prostaglandin 
4. Both [1] and [2] are eicosanoids. 
5. Compounds [1], [2], and [3] are all eicosanoids. 


c. Which of the following statements is (are) true about A? 


(CH2)42CHs 


HO 
NHCO(CH;)44CHs 


| 
O—P—-O- CH;CHAN(CH3)s 
n 
A 


1. A is a lecithin. 

2. A is a phosphoacylglycerol. 

3. A has two tetrahedral stereogenic centers. 
4. Both [1] and [2] are true. 

5. Statements [1], [2], and [3] are all true. 


2. Label each compound as a (1) hydrolyzable or (2) nonhydrolyzable lipid. 


a. a triacylglycerol e. oleic acid 
b. vitamin A f. PGE: 
c. cholesterol g. a wax 


d. a lecithin h. a phosphoacylglycerol 
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3. For each compound: How many isoprene units does the compound contain? Classify the 
compound as a monoterpene, sesquiterpenoid, etc. 


OH о 


А B [e 


4. Answer True (T) or False (F) for each statement. 

Eicosanoids are biosynthesized from dimethylallyl diphosphate and isopentenyl diphosphate. 
Prostaglandins are biosynthesized from arachidonic acid. 

Fats have lower melting points than oils, and are generally solids at room temperature. 

A cephalin is one type of phosphoacylglycerol. 

Sphingomyelins possess a polar head and two nonpolar tails. 

A sesterterpene contains six isoprene units. 

The typical steroid skeleton has four six-membered rings joined with trans ring fusions. 
Waxes are high molecular weight lipids formed from a fatty acid and a long-chain amine. 


о ово св 


5. Which terms describe each compound: (a) hydrolyzable lipid; (b) triacylglycerol; 
(c) phosphoacylglycerol; (d) phospholipid; (e) nonhydrolyzable lipid; (f) prostaglandin; 
(g) terpenoid? More than one term may apply to a compound. 


О 
E: | Ө чаны 
, > EN EN Б o-4 
= | B о  (CH2)12CH3 
HO OH И + 
O-P—O- CH;CH;NHs 
A | 
ЈА 
С 
Answers to Practice Test 
1. а. 4 2.а. 1 3. A: 2, monoterpenoid 4.a.F 5. A: e, 
b. 5 b.2 B: 4, diterpenoid b.T В:е, 2 
0.3 c.2 C: 3, sesquiterpenoid c.F C:a,c,d 
d. 1 d.T 
е.2 е.Т 
£2 f. F 
р. 1 g.F 
h.1 h.F 
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Answers to Problems 


30.1 Join the carboxylic acid and alcohol together to form an ester. 


d DD S 


О 


30.2  Eicosapentaenoic acid has 20 C's and 5 C=C’s. Since an increasing number of double bonds 
decreases the melting point, eicosapentaenoic acid should have a melting point lower than 
arachidonic acid; that 15, < —49 °С. 


30.3 
[9] 
pP" но ММММ 
[e ө " 
| ii PA ууулу ла лаа 
OF AE = ERS о 8 iid HO 
bd d id ui i 
HO 
О А PR s dd 2 c 2 
[9] 
b. 
ic adsis У ВР RENS 
О 
с. |He(1 equiv) P&G О 
Pd-C Qe. uiu ео 
dd Qd 
Ө в 
two possible products: 
О о 
о о 
v EN or CAP Р РЧР 
вата алата d оса ава о СУ 
О с о с 
А < с < B 
2 double bonds 1 double bond 0 double bonds 
lowest melting point intermediate melting point highest melting point 
30.4 
0 Lauric acid is a saturated fatty acid but has only 12 C's. The carbon 
C. mn e | : | Е 
сн.(сн,)ьсн: ^он chain is much shorter than palmitic acid (16 C's) апа stearic acid 


ТРИК (18 C's), making coconut oil a liquid at room temperature. 
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30.6 А lecithin is a type of phosphoacylglycerol. Two of the hydroxy groups of glycerol аге 
esterified with fatty acids. The third OH group is part of a phosphodiester, which is also 
bonded to another low molecular weight alcohol. 


1 one possibility: © 
is О” "(CH24CHs palmitic acid 
О О 

ok o-4 | 
ọ R о (СНруснесн(сн;)уСНа oleic acid 
| Т 

-P-O-CH;CHAN(CH;)s о–6–о-снон сна 
(ои o- 

general structure 
of a lecithin 


30.7 Soaps and phosphoacylglycerols have hydrophilic and hydrophobic components. Both 
compounds have an ionic “head” that is attracted to polar solvents like НО. This head is 
small in size compared to the hydrophobic region, which consists of one or two long 
hydrocarbon chains. These nonpolar chains consist of only C-C and C-H bonds and exhibit 
only van der Waals forces. 


o  Phosphoacylglycerol soap о 
[e] R <— Na*~O А а nonpolar, hydrophobic region 
о The R groups are 
C hydrophobic and 
o-4 nonpolar. polar head 
o — 
| 
ur RC Бонай 


30.8 Phospholipids have a polar (ionic) head and two nonpolar tails. These two regions, which 
exhibit very different forces of attraction, allow the phospholipids to form a bilayer with a 
central hydrophobic region that serves as a barrier to agents crossing a cell membrane, while 
still possessing an ionic head to interact with the aqueous environment inside and outside the 
cell. Two different regions are needed in the molecule. Triacylglycerols have three polar, 
uncharged ester groups, but they are not nearly as polar as phospholipids. They do not have 
an ionic head with nonpolar tails and so they do not form bilayers. They are largely nonpolar 
C-C and C-H bonds so they are not attracted to an aqueous medium, making them ЊО 
insoluble. 
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30.9  Fat-soluble vitamins are hydrophobic and therefore are readily stored in the fatty tissues of 
the body. Water-soluble vitamins, on the other hand, are readily excreted in the urine, so 
large concentrations cannot build up in the body. 


о о 
SS 500 кулуу 
Он + но,“ 
NZ ae 4 


HO | HO | 
R ; S 
misoprostol 
diastereomers 
Only one tetrahedral stereogenic center is different in these two compounds. 


30.10 


30.11 Isoprene units are shown in bold. 


WS WS 
OH c. grandisol 


geraniol 


a. 


OH d. camphor 


vitamin A 


30.12 


manoalide 


30.13 


d 
wing four isoprene units = diterpene 
Ах 


biformene 
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30.14 
9 uu. EN — ДАДА Да rA ОРР 
(OPP 
farnesyl diphosphate resonance-stabilized carbocation isopentenyl diphosphate 
+ “OPP | 
x = S < ОРР EN EN EN м ОРР 
+ H-B* E — 
:В 
30.15 
single bond 


free rotation 


p MM ot Ды, —— ~ 


resonance-stabilized 


carbocation 

и“ B 

H 

? 1,2-H shift 1 

-O -О-е mm Ou — Ce om 
А H 
a-terpinene resonance-stabilized 
carbocation 
30.16 
a. methyl group at C13 —— carbonyl at C17 
methyl group at C10 —— 
О 
double bond 


between C4 and C5 
carbonyl at C3 
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30.17 
| cholesterol enantiomer 
equatorial OH „H 
different here ——. 99 
НО` 
diastereomer 
30.18 


10 


All four rings are in the same plane. The bulky СН; groups (arrows) are located above ће 
plane. Epoxide A is favored, because it results from epoxidation below the plane, on the 
opposite side from the CH; groups that shield the top of the molecule somewhat to attack by 
reagents. In B, the epoxide ring is above the plane on the same side as the CH; groups. 
Formation of B would require epoxidation of the planar С=С from the less accessible, more 
sterically hindered side of the double bond. This path is thus disfavored. 


H 
B 


30.19 
N 
a. b. 
2 
o-pinene humulene 
30.20 
СН; CH3 
cof «ch 4, 
H H H 


trans cis 
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30.21 
H О 
а. b. 
H H 
он H 
30.22 
1 
С 
Снз(Сно) в“ О 
30.23 Each compound has опе tetrahedral stereogenic center (circled), so there are two 
stereoisomers (two enantiomers) possible. All C=C’s have the Z configuration. 
О О О 
о чондысн» о o^ Not CH 
о О 
О 
0 (сн,усн-снсн,усн, On cha CH ZA енрисњен-енусњусна 
а аса о нын ш о. 

О О О 

30.24 
О 
o^ (oj cH-CH(CH 0H, 
| iw There is no stereogenic center in this triacylglycerol since these R 
(СН) «СНз groups аге identical, making this triacylglycerol optically inactive. 
к (CH2);CHZCH(CH5);CHs 


о 
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30.25 
О О 
О О 


о-ы FORA снусњусно = O 
ата вв тај pod Qs СН(СНО); = P 


О М о 


[1] Оз 
[2] CH3SCH3 
О 


ы The С=С are assumed to be Z, 
О since that is the naturally occurring 
QS configuration. 
та а ве ој 


О 
L 


Hp, Pd-C 


30.26 When В" = CH;CH;NH; , the compound is called a phosphatidylethanolamine or cephalin. 


о 
а. О (СН;) а СНа ђ (CHa)12CHs 
o-4 NH 
о (CHg)16CH3 о (CH2)14CHs 
| + 1 
O-P-0-CHCHəNHa O—P—O-CH,CHANH; 
[on [од 
cephalin sphingomyelin 


[1] (R)-CBS reagent О р 
[2] њо Ay ~ 


X OH 
[1] Zn(BH4)2 Use a chiral reducing agent to 
[2] Н2О add hydride from one side only 
B andC to form a single diastereomer. 
o diastereomers o 
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30.28 
S 
OH 
g. 
a NS ^ e 
CHO 
neral | COOH 
patchouli ali dextropimaric acid 
О. 
b 
eS | 
© | 
carvone periplanone B e 
B-amyrin 
c. 
ES NRI RI a P S P TD = 
lycopene 


В-сагоїепе 


30.29 А monoterpene contains 10 carbons апа two isoprene units; a sesquiterpene contains 15 
carbons and three isoprene units, etc. See Table 30.5. 


OH 
Tm 
a. AA e. 
g. 


monoterpenoid CHO 


sesquiterpenoid diterpenoid 
О 
b. О. 
, cs 
f. 
NS monoterpenoid | ћ 


sesquiterpenoid HO 


triterpenoid 


с. 
NS Nu SI s б. б I s <<“ <“ ~ 
tetraterpene 


tetraterpene 
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30.30 
tail head tail tail head tail 
lycopene S ~ ud ^w EOS p^ u^ NN ps m Cu NN ! p 
tail head tail head head tail head tail 
tail head head tail 
squalene NS $, | NS ~ | | ~ ~ 
| | | | 1 
tail head tail tail head tail 
30.31 


B: 
dos 5d 
—— + +70 — је 
| (;OPP | _) T 
i a-pinene 


resonance-stabilized 
carbocation 


30.32 The unusual feature in the cyclization that forms flexibilene is that a 2° carbocation rather 
than a 3° carbocation is generated. Cyclization at the other end of the C=C would have given 
a 3° carbocation and formed a 14-membered ring. In addition, the 2° carbocation does not 
rearrange to form a 3° carbocation. 


BR ee _ 
S S SS (OPP = ow ee Чү OPP + OPP 


farnesyl diphosphate | isopentenyl diphosphate 
EN EN Su EN OPP ——— EN EN Su + OPP 
+ НВ HS 
:B 


" 2° carbocation 


flexibilene 
+ НВ 
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30.33 
a. | 
` >? 
:OH 
нА, 
rl 
m + 
x 
b [1] Os 
| [2] Zn, ЊО о 
О 
-OH, HO 
CHO 
[9] 
o 9 16,17-dehydroprogesterone 
30.34 
equatorial OH a Он 
H 
HO H OH H HO,,. H 
e peo 4 Сов 
я н A H 
axial OH equatorial OH 
30.35 
H 
H OH H Он(ах) 
и Jy | HO Axial reacts x poo FL xim 
HO т (ед) Н faster. ü | (ed) гата S 
30.36 


CH3(CH5)5COCI 


pyridine 


methenolone H Primobolan 
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30.37 
СН» groups make this face more sterically hindered. 
a. 
H 
0 H н 
| 
Ннј H 
The bottom face is more accessible, so the Hp is Но added том below 
added from this face to form an equatorial OH. 
30.38 
cholesterol 
a. CH,COCI Tm 
———— d. oleic acid, H* 
CH3(CH35);CHZCH(CH5)7 
b. Hp, Pd-C 
e. [1] BH3, THF 
[2] НО, "OH HO 
с. РСС 
30.39 
AM 
~ D 
ES ~ 1,2-shift *1,2-shift JO yO Ve. 
a pe = >. Ee ЕЕ. = 
ОРР 
m 
Т 
+ “OPP 
resonance- 
stabilized 


carbocation 
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30.40 Re-draw the starting material in a conformation that suggests the structure of the product. 
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30.41 
(any base) 
:В 
pw www 2 ——- 7 — М H 
EN EN EN = 
ОРР = 
| d № а 2 ` - 
farnesyl diphosphate < ОРР 
+ ТОРР 
resonance-stabilized 
carbocation Л ; 
СН CH; CH; с H—A (any acid) 
1,2-H shift 
Ф 
T M 
CH; СНз А 
1,2-СНа shift тА 


HW $B 


EP 
CH; | | Í + HB* 
сна 


epi-aristolochene 
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Chapter 31 Synthetic Polymers 


Chapter Review 


Chain-growth polymers—Addition polymers 
[1] Chain-growth polymers with alkene starting materials (31.2) 


e General reaction: 


Zu initiator үзүү 


2 2 Z Z 


e Mechanism—three possibilities, depending on the identity of Z: 


Type Identity of Z Initiator Comments 
[1] radical Z stabilizes a radical. A source of Termination occurs by 
polymerization | Z = R, Ph, Cl, etc. radicals (ROOR) | radical coupling or 


disproportionation. Chain 
branching occurs. 


[2] cationic 


Z stabilizes a carbocation. 


H-A or a Lewis 


Termination occurs by 


polymerization | Z = В, Ph, OR, etc. acid (BF; + loss of a proton. 
H20) 
[3] anionic Z stabilizes a carbanion. An Termination occurs only 
polymerization | Z = Ph, COOR, COR, CN, | organolithium when an acid or other 


etc. 


reagent (R-Li) 


[2] Chain-growth polymers with epoxide starting materials (31.3) 


electrophile is added. 


о бй E • The mechanism is Sy2. 
=“ Мо e Ring opening occurs at the less substituted 
R carbon of the epoxide. 
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Examples of step-growth polymers—Condensation polymers (31.6) 


Polyamides Polyesters 
H oN О О 
| \ / \ 
али i О » 
О = Ам 
nylon 6 9 polyethylene terephthalate 
H Ea О 
О = N 4 \ N ptt 
= H 
E. V 7 S О 
copolymer of 
Kevlar glycolic and lactic acids 
Polyurethanes Polycarbonates 
| i 
N N O О 
ty T oF bog 
о о 8 gr y 
a polyurethane Loan 


Structure and properties 


e Polymers prepared from monomers having the general structure CH?-CHZ can be isotactic, 
syndiotactic, or atactic, depending on the identity of Z and the method of preparation (31.4). 

e  Ziegler-Natta catalysts form polymers without significant branching. Polymers can be 
Isotactic, syndiotactic, or atactic, depending on the catalyst. Polymers prepared from 1,3-dienes 
have the Е ог Z configuration, depending on the monomer (31.4, 31.5). 

e Most polymers contain ordered crystalline regions and less ordered amorphous regions (31.7). 
The greater the crystallinity, the harder the polymer. 

e Elastomers are polymers that stretch and can return to their original shape (31.5). 

e Thermoplastics are polymers that can be molded, shaped, and cooled such that the new form is 
preserved (31.7). 

e  Thermosetting polymers are composed of complex networks of covalent bonds, so they cannot 
be melted to form a liquid phase (31.7). 


Practice Test on Chapter Review 


1. a. Which of the following statements is (are) true about chain-growth polymers? 
1. The reaction mechanism involves initiation, propagation, and termination. 
2. The reaction may occur with anionic, cationic, or radical intermediates. 
3. Epoxides can serve as monomers. 
4. Statements [1] and [2] are both true. 
5. Statements [1], [2], and [3] are all true. 
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b. Which of the following alkenes is likely to undergo anionic polymerization? 
І. CH?2-CHCO;CH3; 
2. СЊ=СНОСНз 
3. CH2=CHCH2CO2CH3 
4. Both [1] and [2] will react. 
5. Compounds [1], [2], and [3] will all react. 


. Which of the following compounds can serve as an initiator in cationic polymerization? 
1. butyllithium 

2. (CH3)3COOC(CH3)3 

3. BF; 

4. Both [1] and [2] can serve as initiators. 

5. Compounds [1], [2], and [3] can all serve as initiators. 


e 


d. Which of the following statements is (are) true about step-growth polymers? 
1. A small molecule such as H20 or НСІ is extruded during synthesis. 
2. Polycarbonates are an example of a step-growth polymer. 
3. Step-growth polymers are also called addition polymers. 
4. Statements [1] and [2] are both true. 
5. Statements [1], [2], and [3] are all true. 


2. Label each statement as True (Т) or False (Е). 

a. A polyester 1s the most easily recycled polymer. 

b. Natural rubber is a polymer of repeating isoprene units in which all double bonds have the 
E configuration. 

c. А syndiotactic polymer has all Z groups bonded to the polymer chain on the same side. 

d. A polyether can be formed by anionic polymerization of an epoxide. 

e. An epoxy resin is a chain-growth polymer. 

f. A branched polymer is more amorphous, giving it a higher Tm. 

g. Polystyrene is a thermoplastic that can be melted and molded in shapes that are retained 
when the polymer is cooled. 

h. A polyurethane is a condensation polymer. 

1. Ziegler-Natta catalysts are used to form highly branched chain-growth polymers. 

j. Using a feedstock from a renewable source is one method of green polymer synthesis. 


3. What monomer(s) are needed to synthesize each polymer? 


á poe sede 


b. bo eg Oy OY e. ЊЕ 
F CIF CIF CI 


СОСН: COCH; 
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Answers to Practice Test 


Las 2.a. Т £F 3. 

b.1 b.F g.T О 

6:3 c. F h. T a £X „> 
a 


с. 22 “соон, апа CH;-CH, 


Answers to Problems 


31.1 Place brackets around the repeating unit that creates the polymer. 


ТУ 4) 


poly(vinyl chloride) 


уер A tad < ААА A 


nylon 6,6 


са 


31.2 Draw each polymer formed by chain-growth polymerization. 


Cl ет ОСЊОСНА OCH; 
а. — 8 : es ~ Yeh ^ E 
CH3 CH; CH3 
: оо о 


——- Ц | | 
COCH, O=C O=C O-C 


OC) | 


OCH, OCH, OCH, 
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31.3 Draw each polymer formed by radical polymerization. 


He она СНз 

XR OM. X NN. 

a. CO,CH, O=C O=C O-C b. CN —— 8 : 
XN А 


31.4 Use Mechanism 31.1 as a model of radical polymerization. 


Initiation: 

508 1] G^ X^ o: [2] "e 
cHj,CÓ-ZOc(cu), l, 2 (СНоб = © б: 
(СНз)з SA) (СНз)з ` ньо” 3-4 


Propagation: 20: A ‘0: [3] n 
д CN = \ ae —— (СНз) Со · | Repeat Step [3] over and over. 
(СНз)зСО: О ( A Не) (CHa) в da р 18] 


Termination: ү Tem 
ur И о - лов 


(Ас = CH3CO-) 


31.5 Radical polymerization forms a long chain of polystyrene with phenyl groups bonded to every 
other carbon. To form branches on this polystyrene chain, a radical on a second polymer chain 
abstracts a Н atom. Abstraction of H, forms a resonance-stabilized radical A'. The 2° radical 
B' (without added resonance stabilization) is formed by abstraction of Нь. Abstraction of Ha is 
favored, therefore, and this radical goes on to form products with 4? C's (A). 


Ph 
FW Dem on 
"c d == PE 
Hs abstraction of Hp ph: рр "BR Ph Ph Ph 
a 
RO: $—— 2? radical 
APh : E no resonance stabilization 4* C pn 
Ph Ph Ph |. | А. APh \ 
abstraction of H4 s QE E : А 
Ph Ph Ph 


resonance-stabilized 
benzylic radical 


е и) 14 | — € — 
Ph Ph c 7 A 
cS 4 
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31.6 Cationic polymerization proceeds via a carbocation intermediate. Substrates that form more 
stable 3? carbocations react more readily in these polymerization reactions than substrates 
that form less stable 1° carbocations. CH2=C(CHs3)2 will form a more substituted carbocation 
than СН›=СН.. 


PN — о e 3° carbocation 22 EE ~ 1? carbocation 


31.7  Cationic polymerization occurs with alkene monomers having substituents that can stabilize 
carbocations, such as alkyl groups and other electron-donor groups. Anionic polymerization 
occurs with alkene monomers having substituents that can stabilize a negative charge, such 


as COR, COOR, or CN. 
a. CHa2-C(CH3)COOCHs b. CH22CHCHs c. CH22CHOC(CH3)s d. СН>=СНСОСНз 
electron-withdrawing group alkyl group an electron-donating electron-withdrawing group 
anionic polymerization cationic polymerization resonance effect anionic polymerization 


cationic polymerization 
31.8 | Use Mechanism 31.4 as a model of anionic polymerization. 


E^ мА. м a 


Initiation: Bu-Li + =А — Ви =. Lit 
CN CN 
< N 2 Repeat Step [2] 
Propagation: auf MY R, Bi 2 
CN CN CN CN over and over. 


Bar 
| 

Termination: ктүү RM BE. A b d 
CN ON CN CN 


31.9 Styrene (CH?-CHPh) can by polymerized by all three methods of chain-growth 


polymerization because a benzene ring can stabilize a radical, a carbocation, or a carbanion 
by resonance delocalization. 


озо оф" 


31.10 Draw the copolymers formed in each reaction. 


Zh + см 


а. 
Ph CN 
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F F "e 
F. 
„Эё чу + LL 
F РОБЕ F 
n 
31.11 
nd fon — ano" X - рл Inn = 
* = RO а RO N ми 
i Z 8 e^ | 
P Zo 
8 27 RO 27 
31.12 
о m 
О OH HO. _ О 
— HO д cis о OH 
AU epe ы | 
31.13 
а а а ЧЕ Cg Cg 
KA ~ SM ; 
neoprene E configuration of each double bond 
All double bonds have the Z configuration. 
1 1 
d Em CHa^^ Two higher priority groups (1's) 
are on the same side of the 
ке : double bond - - - » Z configuration. 
31.14 
RO. J'OR 2 RO + - X^ . FN LO 
| © i = RO à AL 
EN 
; МУП 
А The resonance-stabilized radical 


can react at two carbons. 
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31.15 


HOOC COOH : пи 
а. Cy + Н>М(СН>)6 МН» ————- 1 


° iie Ji а 
b. HO NH 


NH 2 | 
H H 
i д о 
НМ NH2 О 2 NAY 
OH 
° CY i io y т б 
О 
31.16 
а" A + A 
E NU gn [2] pu 
n == C. s == choo _`у—6-бон, 
QCH; (Ае ob 
J + HO и 
CH30;C CH30,C И on HO Њо 
LN 
a H-OH 
E E. Bes 
онос—{__`у—б-бсн, Он» 
:OCH2CH2OH 
A 
‘OH x? Н—ОН; c; oun “ре 
ene { Dg Mart ads Nc P 
:OCH;CH;OH ењењон Pl Ü- CH,CH;OH 
+ СНзОН 
s 19 
n о о : 
P ) ÁN ( Repeat for all ester bonds. снос 24 
о = ww O- CH;CH;OH 
+ H-OH, 
31.17 
1 OH 0 
OH + но" —— о 
wo ne No а 
© О 


This compound is less suitable than either nylon 6,6 ог PET for use in consumer 
products because esters are more easily hydrolyzed than amides, so this 
polyester is less stable than the polyamide nylon. This polyester has more 
flexible chains than PET, and this translates into a less strong fiber. 
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31.18 
of Ма T 
T ima SI ÖH Он NA 
С;н0“ СОСЫН, —— — cao F ~OCgH3 — —* iit c- боен сно с- oo A 
“ОО СО” i ad 
None 
ИТА 
‘OHH 
она б о сене О-– c$ ids 
ү OH -— — OH 
о `0 Он 
+ HA 
+ CgHsOH 


Repeat this process for all other CO bonds. 


009656006 
№) 9^6 s 


+ 2 СНОН 
31.19 
О | | О 
о DN O EN OK 
HO он + [> „© | 
| | d а - 
. epichlorohydrin 
1,4-dihydroxybenzene (excess) OH m 
L А = 
НЫМ „лч „Мн; 
OH | | OH 
О | EN O 
NH 2 HN 
о о 
OH 7 
NH o NE a HN 
о ыо 
он B Jn OH 
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31.20 
— АСВ 
OH OH 
n H AL 
C O% -ét 
L ie 
AlCl} resonance-stabilized +3 MD structures 
carbocation 
HÓ- АСВ 
+ АСЬ 
+ HO: 
31.21 
HO “м 
OH 
OH OH E R 


/ 
/ 
ME. 
о 
V / 
E 


CH2 
inol 
cardino Р. | он 
ч di 
R 


31.22 Chemical recycling of HDPE and LDPE is not easily done because these polymers are both 
long chains of CH» groups joined together in a linear fashion. Since there are only C-C 
bonds and no functional groups in the polymer chain, there are no easy methods to convert 
the polymers to their monomers. This process is readily accomplished only when the 
polymer backbone contains hydrolyzable functional groups. 


31.23 a. Combustion of polyethylene forms CO; + H5O. 

b. Combustion of polyethylene terephthalate forms CO; + H20. 

c. These reactions are exothermic. 

d. HDPE and PET must be separated from poly(vinyl chloride) prior to incineration because 
combustion of hydrocarbons (like HDPE) and oxygen-containing organics (like PET) 
releases only CO» + H20 into the atmosphere. Poly(vinyl chloride) also contains Cl atoms 
bonded to a hydrocarbon chain. On combustion this forms НСІ, which cannot be released 
directly into the atmosphere, making incineration of halogen-containing polymers more 


laborious and more expensive. 

у — b. eS 

à Su s da о о 5 Lu N ; 
о но 
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31.25 
a. Pa de qu b. a SL ge 
Hs О 8 О 
“Соо, COCH, CO,CH; Я “lh 
31.26 
: Foy == Zrcn апа = 
CN CN 
о о о 
b. Eoo == HO т ог ~ 
О 
31.27 
о О „ям 
Qe — АА em Denm — ОН 
" 9 


31.28 Draw the polymer formed by chain-growth polymerization as in Answer 31.2. 


соснз COCH; СОСН» 
Е ЕЕ ЕЕ Е о NH NH NH 


a. pu —= ЖА с. ~ 


b CH30 OCHs осна " md 

я са d. AE. =——® ~ 
= 5 с—сн,—с-сн,- о 8 

CH3CH202C CO CHCH;  CO;CH;CHs 


31.29 Draw the copolymers. 


ud Ls — үт] а. = апа An — СК 
CN 
n L 


n 


CI 
b. and 7 [ F 
Ao = е. = and ЕР — 
CICI Ph 
n кы n 
2 A 

с. “CN and ~~ 

CN 

n 
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31.30 
a Ре: = P 
CO,Et CO,Et СОБЕ 
H О О 
b. wee 3 = “Гү 
H 
О 
к B 
C. 8 О o => £x. 
db C(CH3)s 
О О О 
d ^g ggg —> a “а апа но Тон 
31.31 
а. 8 = n 
СО,Еї СОЕ СО,Еї CO;Et 
H ? H о 
b. EN N T 
N = 
о n 
C(CH3)s C(CH3)s 
c. ул - f- 
C(CH3)s n 


d. bon Э Е E eee | 


31.32 An isotactic polymer has all Z groups on the same side of the carbon backbone. A 
syndiotactic polymer has the Z groups alternating from one side of the carbon chain to the 
other. An atactic polymer has the Z groups oriented randomly along the polymer chain. 


а а CI CN CN см CN Ph Ph Ph Ph Ph 
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31.33 
И OH = from ethylene oxide 
CC. 
31.34 
О 
HN МН» — ; 
a. тү and HO,C \ / СОН E Н 
ioe: 
N О О 
О X SANS `$ 
b. O=C=N N=C=0 and Ho "oH АС О 
$^ М 
H 
оо 
сос! 8 о 
с СТ and HO OH - 
COCI 
0-i 
— 
d. но (оон 8 
о 
31.35 
CN ABS Ph 
31.36 
a 
+ д р О 
O Quiana 
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31.37 
О 
d 
N 
iow 
О 0 T , 
: н н N 
N i 
O © О ТА 2 
N 
о р | 
у n | 
H “CL Kevlar 
О yi 
H 
31.38 
O о 
О d H 
O 
ru fe ) / N т 
о = H 
[9] n Я Ó А 
polyester А РЕТ nylon 6,6 
Tj =<0°C Ту = 70°С Ty = 53°С 
Та = 50 °C Та = 265 °С Та = 265 °C 


a. Polyester A has a lower T, and Tm than PET because its polymer chain is more flexible. There 


are no rigid benzene rings, so the polymer is less ordered. 

b. Polyester A has a lower T, and Ту than nylon 6,6 because the М-Н bonds of nylon 6,6 allow 
chains to hydrogen bond to each other, which makes the polymer more ordered. 

c. The Tm for Kevlar would be higher than that of nylon 6,6, because in addition to extensive 
hydrogen bonding between chains, each chain contains rigid benzene rings. This results in a 


more ordered polymer. 


31.39 


A dibutyl phthalate 


Diester A is often used as a plasticizer in place of dibutyl phthalate because it has a higher molecular 
weight, giving it a higher boiling point. A should therefore be less volatile than dibutyl phthalate, so 


it should evaporate from a polymer less readily. 
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31.40 
Initiation: 

US (CH3)3CO. 
(CHg)3CO 7 OC(CH3)s 2 (CHg)3CO- ed _Ё1, 
Propagation: / 

"S 
(CHs) 209, = (CHa) TE и Mo s (СНз) BARK 
A new С-С bond 


Repeat Step [3] over and over to form gutta-percha. 


Termination: 
EN EN SN : 
31.41 
> Н [1] T oH Ph [2] pi Ph B. 
РзВ О: —- FB Oh + ÆN а A SE + F3B—OH 
H F H 


a highly resonance-stabilized carbocation 
Ph 


NN J Е Repeat Steps [3] and [4]. ——— А 


Ph 
new C-C bond 


К A is the major product formed due to the 1,2-H shift (Step [3]) that occurs to 
Eo E Я form a resonance-stabilized carbocation. 


B is the product that would form without this shift. 


Е H This carbocation is unstable because it is located next to an 
FaB—O* С он — ACEN electron-withdrawing CN group that bears a 6" on its C atom. This 


tH öt carbocation is difficult to form, so CH22CHON is only slowly 
polymerized under cationic conditions. 
M GN N 
EE “= ые с? 
H 


This 2? carbocation is more stable because it is not directly bonded to 
the electron-withdrawing CN group. As a result, it is more readily 
formed. Thus, cationic polymerization can occur more readily. 
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31.43 


Initiation: Bu-Li + = === Bü Lit 


МА [2] Repeat Step [2] 
4 —N Eu: M d dE 


Propagation: Bu Bu 
Ph Ph Ph Ph over and over. 
:0: 
Termination: күзү ga [3] Yo * 
Ph Ph Е p Ph Ph 


31.44 The substituent on styrene determines whether cationic or anionic polymerization is 
preferred. When the substituent stabilizes a carbocation, cationic polymerization will occur. 
When the substituent stabilizes a carbanion, anionic polymerization will occur. 


cationic anionic anionic cationic 
polymerization polymerization polymerization polymerization 


31.45 The rate of anionic polymerization depends on the ability of the substituents on the alkene to 
stabilize an intermediate carbanion: the better a substituent stabilizes a carbanion, the faster 
anionic polymerization occurs. 


О CN 
p zo ons Ar 00 
О О 
least most 


increasing ability to undergo anionic polymerization 


31.46 The reason for this selectivity is explained in Figure 9.9. In the ring opening of an 
unsymmetrical epoxide under acidic conditions, nucleophilic attack occurs at the carbon 
atom that is more able to accept a 5” in the transition state; that is, nucleophilic attack occurs 
at the more substituted carbon. The transition state having a ё on a C with an electron- 
donating CH; group is more stabilized (lower in energy), permitting a faster reaction. 


H .. я» 
eC Wy, Le нр А ес. d mL ds 
H : 

Wc ну [4] н. 265 pco d (Bo „б Жь Fi + нб" 


" «b 
20 
Repeat Steps [4] and [5] over and over. 
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H ( ^os — н, — H 
осн, )-6- Я: ——- сюн, C-CGI-A 


(Обрва — вы у 6 уч 
H ii i 
A 


resonance-stabilized _ 1-4-cyclohexanediol 


carbocation 
+ АС“ | NT 
4 ЕАС 
— .. ++ com H H 
CICH; ( 0—њ-0 OH + AlCl + на ~ сен.) 6Ot OH 
di ~ 
H 
| Repeat. 
| CH; ( y CH,-O ^ 
B n 
31.48 
tH 
| 2 m " :07 . x qmm. 
Ау ee н OH + HSO, e. 
Ete i 
resonance-stabilized (+ NE a корон 
cation resonance structures) | 
HO OH "sy © бн PO CO OH 
bisphenol A ar M + H20 = 
4 "m * HSO 
5 additional 4 
+ 250, (+ 3 additional 5 
resonance structures) 


resonance structures) 


31.49 


H а ia 
N, LOCH м0. 
CHs-OH + Cy т xr i О 


a urethane 
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31.50 


“OL (CH3)3CO-OC(CHs)s E 5 
а. 
i 096 
OCH, ОСН: ОСЫН» 
Ziegler-Natta Я E 
b catalyst њи 
Gis бб нз 
A Виц (initiator) 8 сн-с—Сн-с——Сн; С 8 
со со со 


| 


о 
CH,CH, CH,CH, CH CH, 
BF4 + ЊО 
t i, Mh ey 
О | 
е. 24 4 3 О 
он о E 
OH е OH " 
О 
" С + [d DNO o А o o AX] 
OH (excess) E 
О = = HO OH [9] о 
& d ) ( on N/a’ 
d wv НгО о о" 
О H _ О О 
һ и on EET or NH 


31.51 Polyethylene bottles are resistant to NaOH because they are hydrocarbons with no reactive 
sites. Polyester shirts and nylon stockings both contain functional groups. Nylon contains 
amides and polyester contains esters, two functional groups that are susceptible to hydrolysis 
with aqueous NaOH. Thus, the polymers are converted to their monomer starting materials, 
creating a hole in the garment. 
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31.52 
= E О 
HO N 7 CH3 N / OH t ИО 
А = = | Он 2 = A 
H о 
pue prod и Дея 
prepolymer -n 
NH 
| ном 2 А 
OH = E OH — — OH 
CH о 
ое а Aw, 
|| "n у 
NH HN 
"arca FN wd No 
OH EE = | он он 
n 
31.53 
Za —3»&—- E Poly(vinyl alcohol) cannot be prepared from vinyl alcohol because 
a. | OH ИТТ vinyl alcohol is not а stable monomer. It is the enol of 
vinyl alcohol | acetaldehyde (СНАСНО), and thus it can't be converted to 
poly(vinyl alcohol) poly(vinyl alcohol). 
-OH 
b. 2 о ОАс == 8 i 2 8 i + сњсог 
; radica 2 
vinylacetatg polymerization DA ONE hydrolysis о i 
poly(vinyl acetate) poly(vinyl alcohol) 
0 
8 а 8 
с. i 
он он H* ЕФ 
poly(vinyl alcohol) ы т an acetal 
poly(vinyl butyral) 
31.54 
NBS тон [1] ВНз 
A fro” Zo Ho Тон 
hv 


[2] H202, "ОН 1,3-propanediol 
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31.55 


CH,C! СНС! pom 
AlCl, АС 


На terephthalic acid 


[1] 080, 
СНь=СН, - носи" 
[2] NaHSO;, HzO 


ethylene glycol 
ог 


СРВА H20, "OH он 
Oe 


31.56 


OH 


+ сњ=о 


phenol 


Since phenol has no substituents at any ortho or 
para position, an extensive network of covalent 
bonds can join the benzene rings together at all 
ortho and para positions to the OH groups. 


сњ— ў—он + сњ=о -— 


p-cresol 


Since p-cresol has a СН» group at the para 
position to the OH group, new bonds can be 
formed only at two ortho positions, so that a less 
extensive three-dimensional network can form. 


a. 9 TES pie b. ~ —— Tr 


£-caprolactone polycaprolactone p-dioxanone polydioxanone 
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31.58 
и A 
Квч 
T (ester amide) A 
Нм H2 
ч OH ] OH pes OH 
uo y о о но“ 
о 
leucine the benzyl ester of lysine 
31.59 
COsSCH;Ph о [9] COH 
OH 
or oL. 
benzyl salicylate o `O n salicylic acid 
(2 equiv) = = (2 equiv) 
o + 
о + PolyAspirin AA 
| HO 
a ene | | | 
sebacoyl chloride О Верай ави 
31.60 
ЗА. 
Б. HN. LN. UN 
bb d proton iA № 
I» N -N OL transfer -N :OH 
^ ~ и (~ 
[1] T [2] ми АА 
Tus NH2 NH» 
melamine |08] 
rar 
HN. LN. UN ACD №. мн HN, LN. дїн, HN, LN. ANg [4] HN. LN. { 
~ 
Ner BN BSN по qp Y y (oven | D 
NN Мо М мм N.N “Он, 
NH NH ый a. "2 Ця +А: 
п? |6) "2 
но мм мн 
2 ENS за ~ 2 
Y Y 
Nv ZN N N + H-A 
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31.61 


^ 
a. de [1] Јоде re-draw ; a А 
“2 - === 
H^ intramolecular gd [2] on 


H abstraction 


| [3] Repeat 
b. Abstraction of the H is more facile than abstraction of the other H's because the H Step [2]. 
atom that is removed is six atoms from the radical. The transition state for this 
intramolecular reaction is cyclic, and resembles a six-membered ring, the most 8 : 
stable ring size. Other H's are too far away or the transition state would resemble 

a smaller, less stable ring. 


butyl substituent 


31.62 
д 
о о о о 
О HoN~ “МН, 
ar УНЫ, у то ил су “он Ка КЕ А 
игеа ш | repeat 
К О О О О 
О C1 О < њи NN Ne repeat нл Си Т Сн, 
xc Д ү Y 
Cee cee омы, о, 
Us i d б. d Ми 
т T HN 


